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THE EFFECTS SOLUTIONS 
AND NON-CONDI 


MORTIS AND 
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rigor mortis with the 


plasma, the specific proteids present 
1 HALLIBURTON, W. ] rnal 
exper 


CTORS RIGOR 
ANNI 
, 
CONTENTS 
INTRODUCTION 
1)? t; j +) rre aot 
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have been subjected 
idoption by Halliburton a 
) \ 


to 
-~ 
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others the method fractional heat precipitation, presup 
poses that each has temperature, the pos 
S of ilt rit the ad ST) tel ) it by the tion 

the proteids question has recelved more iess 

\lthough investigators not agree the cause coagulation, 
it is genera that the « wulation temperatures of t ail 
ierent proteids may be m aihned rabiy by the presen e ol a salt 

und by the reaction of the solution 
present work was undertaken Dr. and 
carricd out under his direction ascertain the 
tions upon (a) the temperature for the sudden coagulation 
the the time necessary tor coa room 
temperature 
THE EFFECTS SOLUTIONS UPON THE COAGULATION TEM 

the was used throu out the 
experiment: Lhe muscle was piaced In a covered dish nta ne 
- ¢} } + t ] ] + ] 
room temperature was then arranged for graph registrat 
upon the kyn raph ass rod bent right angles was screwed 

} ] } ’ ] ] wy 
into the support holding the lower end the rod drawn 
out fine point passed through the tendon 

+} } 1+ th ] +} } \ 
end the was attached the short arm the means 
silk thread tied copper hook, passed through the 

tendon covering the end the sclution was transferred 
beaker and arranged that surrounded the rod 

muscie Wwilhou touching Copper Nook, source 
error pointed out Vernon was thus avoided found that 

muscle were attached by a thread which was wet by the olution 
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The interpretation curves point the 


it least for i time. In certain yutions It ¢ not rise De} 
point (| 1) 

\s i rule, fte t nterval i ina 
continu to about (| > na 3) () i it 
vation! appeared, but was always whe 
other two 

While the form of the curves ts fairly nstant t { ! 
Oot one soluti sol itior oin ¢ rere | t 
same solution much variation occurs, 

In some solutions the rise was at first ery radu | ] 
preted indication the stage ril 
plasma the cloudy opalescent which fore 
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nite coagulum formed.! Coagulation proper marked sudden 

coagulation occurs suddenly without preliminary cloudy 

tage; Fig. the curve rises gradually, indicating pronounced 


ulation. short time after the culminating point was reached the 


lever dropped salt solutions and 


solutions acids 
and alkalies have decidedly effect upon the tendon 


] } 


Achilles, that its connection with the muscle becomes impaired 


such extent that the two abruptly part the temperature 
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creases. this case the rise rred ina 
variation the curve due the the 
the opalescent Stage, other variatior i! t 
~ 
\ ne 
| 
| | 
2c 
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e 
( \ t 
{ \ 
() i 
4) A 
height the two contra Ons and the interval 
All eradations were present between those curv | \\ 
one elevatiol ind those wh S| Ver Woh t \ 
were present, they were somettt approximately cqua tit 
the second was very Ht in compar ! 
times this relation was exactly reversed 
i irate eN ( ( { \ 


true, the variation the number elevations shown curves 
indicates curious inconsistency. possible, however, 
proteid may after certain temperature reached, that 
coagulation may arrested and then begin again, 
may discontinuous; (2) the coagulation temperature the second 


proteid may changed the solution that falls within the 


temperature limits coagulation the first. The results the two 
coagulations are then added each other but the 
does not show where one ends and the other be fins Ll his 1s suggest | 


especially comparison curves which are transitional between 


and curves obtained with different strengths the 
> ) thi | | ¢ ha ver or] 
same solution third contraction nnd very 


both regards occurrence and temperature, and insignificant 
rule comparison with the other two that inclined 
agree with Stewart and believing that this contraction 

due the coagulation not third but merely small 


remnant uncoagulated myosinogen, and that there are only two 


proteids muscle capable those curves which 
show only one contraction the coagulation temperature the second 
proteid falls within the limits the first. those curves which show 


more than two contractions, the contraction of one or of both prote ids 
has been made these proteids will 
ferred the first and second proteid, the first coagulating the 
lower 

Results. Pauli points out that the effects salt solutions upon the 


coagulation temperature proteids function the physico 
chemical peculiarities both the salt solution and the They 
are not due merely relation colloids and crystalloids 


bases this opinion upon the fact that solutions salts 


\ccording to the accepted interpretation, each elevation in the 
curve corresponds to the coagulation of a definite proteid { this 1s ; 
: 
F 
same the co irison is il resting When taken in Connection W 
tative results Stewart and Furth Stewart that the ratio 
P amount ot paramvosinogen to the amount of mvo nog 1 resent In muscles 1 
while Furth finds that 0.3 
Halliburton believes has obtained four proteids from muscle plasma, para 
coagulating 47° myosinogen 56°, 63°, muscl 
and myoalbumose not coagulable heat 
Vou hin ind Stewart nk that oniyvy two protecids have een iolater th 
certainty from muscie plasma, paramvosinogen, a typical globulin coagulabl t 


- 2 20 = 7 : ~ = - - = 2 
Sc « # : = = 
be ~ ~ ~ ~— - - J ~ J ~ ~ v ~ ~ = ~ 
- 


4 


Anne 


this paper, seems that distinctly lowers both the tem- 
perature opalescence and the coagulation temperature the first 
proteid muscle. what would naturally expected, 
coagulation occurs readily however, states that 
there simple relation between the coagulating power solu 
tion and the change the coagulation temperature. 


Pauli finds that urea and have effect similar that 


| | 


distilled This would naturally true substance like urea 
where the molecules pass freely one direction the other. The 
sugar molecule does not pass readily, therefore somewhat 
results might expected. And, indeed, find some difference the 
action the two substances. Glycerine concentra- 
tions lower the temperature opalescence. Weak solutions dex- 
trose and cane sugar also lower it, but strong solutions dextrose 
and cane sugar raise Increase concentration causes sudden 
increase the temperature opalescence urea, dextrose, and 
sugar, while the effect glycerine practically unaffected the 


strength the solution. The temperature coagulation slightly 
lowered urea, and slightly raised glycerine, dextrose, and sugar. 


change concentration the various solutions produces very little 
effect the temperature coagulation. 


the acids, valerianic, acetic, formic, very litt 


10 
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and various strengths lower it, however. some 
ditterence 
results from change concentration; others, however, there 
decided variation. most cases, increase concentration causes 
first slight increase the opalescence temperature, and later 
decided decrease. With the exception strengths acetic, 
trichloracetic, valerianic and formic acids, the temperature coagu- 
lation was lowered acids. The effect increasing concentration 
upon the temperature coagulation varied 
the relative acids shows that the change temperature 
produced them largely dependent upon ionization. The 
the degree dissociation the acid, the more the temperature 
lowered, dilution 110, Dr. Loeb! gives the degree disso- 


ciation the acids used follows 
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taking water fact taken connection with the power 
HO to lower the coagulation temperature 11 cates that t Hect = 
acids, though largely determined the may not 
Indepencent ot water a SOrpuion. 
the used, except the here 
was raised the concentration increased the 
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temperature 


and Ba(OH ).,. ch lation the tempera 


order 


he results obtained 


added 


ort 

tration causes decrease The temperature 
coacul ol NaOH, 
? 

test the effects acids and alkalies, 

lutions pared with those obtained NaCl. It was 
tie mMpera re of I mn yar ot tiation ( patter the 1 
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solutions little water absorbed, while solutions which lower 


the temperature much water absorbed. With few exceptions the 


temperature coagul ition raised. The chlorides are good illustra 


+ 


tions sugvestion that osmosis account for 


coagulation phenomena. concentration increases, increase 


opalescence temperature occurs until reached. 
point, further increase concentration causes first increase, then 


a decrease in temperature. 


With the exception concentrations with 


ind NaCl, the sulphates decidedly lower the opalescence tempera 
ture. Weak solutions with the exception lower also the 
coagulation solutions with the 


certain strengths raise it. Other precipitating solutions 
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Anne Moore. 
temperature raised CaCl,, lowered precipitating solutions. 
coagulation temperature little affected CaCl,; most cases 

determining the effect external agents heat rigor Vernon 
found that the temperature onset the initial heat contraction was 
lowered hypotonic solutions and raised hypertonic solutions 
thus makes the modification the coagulation temperature 
muscle proteids affair osmotic pressure. His opinion 
upon the use NaCl experiments were too limited 
allow the conclusion that osmosis responsible for the results 
tained. Undoubtedly the effects are important. those 


solutions which much water absorbed, there decided lower- 


temperature, but very strong solutions which water 
withdrawn the same results are often obtained Osmosis therefore 
does not entirely explain the some cases the absorption 


factors, merely governing the absorption water, but the work 
Hardy and Pauli has shown clearly the importance electrolytes 


tion phenomena 


THE SOLUTIONS UPON THE TIME TAKEN 
MUSCLE PROTEIDS UNDERGO COAGULATION 


Room TEMPERATURE. 


The muscles were fixed position described above 


and left immersed 100 the fluid tested. The room 


temperature remained fairly constant about during the day 


night was somewhat lower than this. The changes 


the solutions were registered drum which 


hand from time The graphic representation 


muscular contraction was not depended upon the sole test 


coagulation, for contraction may specific etfect certain the 


heat test was theref well known that 
normal muscles the are thrown once into rigor they 
heated becoming white and opaque and firm the 
muscle rigor, sudden increase the temperature causes 


had remained solution for certain time the 
solution was heated further contraction occurred, the 
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SOIULIONS. 


Results. 


ractions; it is m 


Guilty 


were either the first rot 
had taken place, the muscie was 
olten no contraction o Irred at 4 it ting ft 
) irrea, l ivuia i 
proteid takes place with much 
] ] } ] 
compiete. The time ot conipletion is determined b t ict 
+ +} love + + 
oO! the solution, (2) 1s Concentration, (3) 
ill Will ii iba | all tii iv 
more quickly 1n Hvpoton mad hiyvpertor solut s tha t 
i? d é i i 
No rigor can be said to be pr l i In lower tre +1 
tO Occul CoO ra takes | ict a ie i i 
ronvthmical contractions occurred isti Irom twent I i! 1 
Na, but it 1s not that th contractiol \ 
ery small amount of NaCl compa 1with a pul \ 2 
which Dr. Loeb based his conclusions concerning rhythm 
spring trogs differ in their behavior trom thea tre \\ 
1 
this difference 1s 1nd itive of a chem chilference v1 ‘ 
count for such phenomenon rhythmical 
probable that the hon-¢ nNauctor as such 1 Pespo ) i i 
contractions are caused by the esta Himent of the nec ry i 
\\ | | 
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dextrose contraction began once and increased 


While seemed better coagulant than cane-sugar 


marked such that noted was noticed its 


was used only two strengths. 

all strengths rigor The height the curve 
dicates that the coagulum compact character Remarkable 
absorption occurs Its power produce rigor may 


therefore due this marked similarity the plotted 


time curve urea and that calcium was 


contractions were noted strengths above the case 
sugar, the contractions began once instead after interval 
NaCl could hardly attributed therefore the small 
amount NaCl which might have been solution. 

glycerine contraction began once and con- 
tinued After twenty-two hours effect was produced 
heating either Phe effect was similar, the length 
time, however, was increased fifty-two hours 

contraction the followed partial relaxation 
and twitching. When the twitching ceases, which occurs few 
moments, the lever retains its level contraction not rigor 
and must distinguished from muscle remains irritable for 


some time and suddenly heated contracts further. rigor 


contraction may added the first contraction 


This fact opposed idea that muscular 
tion coagulation. The longer the muscle left the solution 


the less does contract when the temperature raised 


finally effect produced heating. some sort readjust- 


ment the first contraction seems have passed over into rigor. 


approach rigor not marked further elevation the lever, 


may even marked slight notes similar 
occurrence oxalate solutions. before rigor begins the muscle 
changed weaker solution, rapid relaxation takes place, 


the first contraction reversed and rigor may not 


rigor has begun but not con plete, the change does not 
with further contraction but the process completion will slow. 


Water withdrawn the solution and re-enters from the 


weak solution part explains the first case. 


d 


/: Zs Of Lut ] am / I 
case, the water probably causes the fort 
compact coagulum. heat applied some time 
however, for the lowering the lever may due 
¢ the 
may 
t 
‘ Va =] I 
traction may not take place and the vigor with 
further contraction take place reduced how 
rigor contraction very marked, indicating 
muscle appears more less transparent, not 
heat rigor 
Cal stron lution has first relaxing etfect 
period varying from half hour rter tion 
begins, the lever reaching its maximum trom 
four hours the solution heated immediately rther 
contraction takes place, showing that not 
slight relaxation. weaker contract 
and slower setting, but net 
further decreased, rigor takes place more quickly 
the case blood and milk many authors that 
occurs without however, shows 
occurs in tl al e of all Ca salts precipitable 
states that not proved that milk wil 
IAM RSTI () \t 
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the absence Ca. the case the muscle, possibly the most 
efficacious coagulant, but not essential 
has shown this his work muscles treated with oxalate solutions. 

effect MgCl, relaxing. not only does not 
cause rigor, but actually prevents it. very slight contraction may 
take place first. This is, however, followed very marked re- 
laxation. Contrary the above statement, however, rigor seems 
produced the strength the first relaxation slight, lasting 
from three quarters hour one hour and This fol 
lowed decided contraction, lasting from five twelve hours. 
After this further contraction occurs heating 
seems have especially deleterious effect upon the 
strong solutions the tendon often breaks loose from the muscle 
heating. After heat rigor has been produced MgCl,, its relaxing 
effect still evidence. heating again contraction 
parently the coagulum dissolved MgCl, and recoagulated 
the application heat. This could not repeated more than once 
the same muscle because putrefaction occurs few days. 

the case NaCl, strong solutions cause 
marked initial contraction and few rhythmical twitches. 
followed relaxation lasting several hours, the end which con- 
traction begins. the true rigor contraction. Unlike NaCl, 
separated from the initial contraction relaxation. process 
much slower than isosmotic solutions the content 
nearly the same; the difference probably due difference be- 
tween the action SO, and solutions weaker than rigor 
undoubtedly due the absorption 

immediate effect was produced the muscles im- 
mersed the solution. gradual rise began soon, however, indicat- 
ing the approach rigor, and the muscle assumed the usual rigor 
occurred the result water absorption. This result accord 
with that Halliburton, who finds that strong and very weak solu- 
tions cause coagulation, while per cent does not. According 
Green! and Halliburton, both and when used alone 
restrain blood however, finds that 


very good precipitant serum globulin. the case muscle, 


SCHAFER, A.: 1880-82, 181 
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Coagulation would naturally occur this strength the result 
water absorption. marked contraction, however, indicates 
ettect. 

Coagulation occurs all the concentrations used 
except Pauli states that compounds are not good 
coagulants, but Halliburton and Furth have found them extremely 
contractions are very pronounced certain 
strengths. 

NaF immediate contraction occurs followed bya slight 
relaxation and additional contraction. After from two hours and 
one half four hours and one half further contraction was pro- 
duced, even heating NaF precipitates would seem 
from this result that not essential the coagulation muscle 


proteids. 


the case with immediate contraction followed 
relaxation and further contraction occurs in= 
five hours and one quarter effect followed heating 


one case slight contraction occurred the end twenty-four hours 


heating 60°. states that muscle does not into rigor 
after treatment with the contrary, finds that 


oxalated muscle does into rigor. From this draws the conclu- 


sion that rigor different from ordinary contraction, because contrac- 


tion requires the presence while rigor does not. 


tion and further contraction. The effect similar that NaF and 
Na,C,O,; but the alkali influence appears the height the con- 


traction, which much more marked this than either the 
other two solutions. After heating relaxation 
Remarkable contraction occurs the temperature 
acids and alkalies H,SO,, acetic, malic, 
tartaric, oxalic, valerianic, and trichloracetic acids were used the 
strength solutions were also used and acetic 


caused sudden contraction the muscle which jerked the lever 


immediate effect all the acids was similar. ‘They 


lasted half hour more after this. The first contraction was 
followed first slight relaxation, later slow, steady contrac- 


and trichloracetic acid, the muscle assumed 


| 


every appearance rigor. The heat test was, how 


was somewhat puzzling. was supposed that the outsid 


the acid to the inmost fibres of tl muscle It was ft 

muscle had been left the solution nly 

substances the muscle was dissolved the 
recoagulating. And, indeed, was found that the lever 

ke ft tl d iVS Was he ate | to | t] ] er Was 


repeated three successive was then that 
muscle thrown into heat rigor would relaxed 
was described above 

states that acids hasten rigor, but not complete, 
solved Stewart, Halliburton, and others also mention 


muscles \fter being left solution for tim 

assumed transparent appearance and was easily 


trichloracetic acid, however, the appearance 


entirely different coagulating ettect trichloracet 
once evident and the acid soon reached 


Ilammarsten states that the additions of a ind alka reta 
the coagulation the opposite what find case 
muscle however, shows that any 
fluid the greater the acidity certain point the earlier 
tion occurs. the case this well cert 
Similarity dDetween the Of a al IS lie ca 


Loeb has shown that they act similarly increasing the 


muscle became coagulated, preventing the rapid penetration 
acids dissolve myosin 
muscle opaque and and the muscle 
and resistant 
the H and OL jans have similar action jis not for 


which the lever reaches greater height than any the neutral salt 


solutions, except possibly Possibly more compact coagulum 


formed acids and alkalies, possibly, coagulation may 
complete salt solutions. Later relaxation occurs. The appearance 
muscle placed alkali very from its appearance 
when placed HCl, trichloracetic more like that 
occurring acetic acid. muscle more less transparent and 
slimy. When heated, however, retains its transparent quality 
and becomes decidedly elastic. can stretched, and will again 


resume its shape. were used. the 


Lu 
end three hours and twenty-four hours was found that heating 
change. strong contraction, however, occurred 
heating indicates that coagulation the first proteid 
had occurred, but not the second. Both inthe time and the tempera 
ture experiments the alkalies were found exert marked 
the second proteid, the second contraction being both actually and 
comparatively much greater than any other solution. Apparently 
some transformation occurs this substance. This would accord 
with believes that the dissolving and 
reactions the globulins can only explained the supposition 
that the globulins exist animal fluids only alkali albumin com 
pounds. The neutral salts are important kecping them solution, 
because they increase the accord with idea 
hat the neutral salts are importance increasing alkalinity 
has been found that dialysis increases the acidity muscle extracts 
and that after coagulation acidity increases. 


experiments were tried which acid and alkali small 


quantities were added various salts. The result was very striking 


the case and muscles from the same 
frog were put, the one into CaCl,, the other into 100 
the first, rigor was complete three and 


one half hours; the second greater contraction occurred and 
the end one hour and half change took place heating. 
another experiment the muscles from frog were put, the one into 

contraction occurred almost once. Four hours afterward the first 


contracted both and the second did not contract 


but contracted strongly Similar results were obtained 


, Cane sugar; NaCl In the first two 

mediate contraction took piace ‘At the end of two ih 
} 

the muscie the ive Way the muscie 
solution contracted muscles show 
acid and alkaline appearance. the third and tourth 
ation \fter thirty and three 

took place both and 


has not been clearly proved that the tormation 


sible for both the onset and the solution rigor 
has suggest l, at any rate the increased forn iti moot ac 
quite suthcient account for the earlier onset 
animals, for acids hasten the onset rigor ordinary 
and also lower the heat coagulation temperature. 
tain salt solutions have this effect there reas 


the idea of a radical distinction between heat rigor and ri 


hey are OL 


substances corresponding the proteids 
] t hh fore 
plasma. rigor mortis the coagulation temperature 


teids has been through the unwonted presence 
tion 
may The difficulty with which the coa 

second proteid occurs room temperature suggests 
stance, either not all only part, enters into the 


mortis 


Stewart’s and Furth’s conclusion that 


general, hypotonic solutions, and other solations 


much water absorbed, lower the temperature coa 


shorten the time completion 


i 


temperature coagulation, the amount lowering 


the degree dissociation. 
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due all probability the coagulation 
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Alkalies lower the temperature opalescence and increase the 


9° 


temperature coagulation. alkalies specific influence present 


which may find its explanation the formation some such alkali 


compound Starke suggests 

readily acids and alkalies room temperature, 
but mplete, for the coagulum tends dissolve these sub- 
stances and also some extent some salt solutions. dissolu 


tion not case reversibility, for when once completely coagulated, 


the proteids muscles not resume their original character. 


tical uniformity; the temperature opalescence raised, 
coagulation only slightly other concentrations, varia- 


> 


tion occurs within wide limits; with the exception CaCl,, the tem- 


perature opalescence them lowered, while the temperature 
lowered weak solutions, raised strong solutions. 
occurs readily room temperature strong solutions 


1 


NaCl, Na,SO,, and all strengths CaCl, and 


other precipitating solutions. also occurs 
but this substance not coagul int. The etfect 
relaxing; rigor occurs only concentration. 

precipitating solutions the coagulation temperature 


somewhat differently from solutions. Ca, however, not essen- 
tial for the coagulation muscle proteids, unless the amount 
retained the tissues sufficient, for coagulation takes place 
precipitating solutions and also non-conductors. 

Although the entrance water favors coagulation and lowers 
the coagulation temperature, coagulation phenomena cannot 
plained entirely the basis For after certain concen 
tration reached, further increase concentration may cause either 
increase decrease temperature. The nature the ions present 
determining factor. 

10. rigor not comparable ordinary muscular 
tion, for heat rigor may added algebraically contraction (2) 
not reversible. 

11. rigor not essentially different 
Normal rigor probably due the lowering the coagulation tem- 


perature muscle proteids caused the unwonted presence jux- 


taposition the tissue acid, certain salts. 
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THE EFFECTS VARIOUS SOLUTIONS 
AND MUSCULAR 
ARENICOLA POLYGORDIUS 


the past summer Holl 
study the action simple solutions 


i 

larva of \renicola and have been ible to conn 
extend the results obtained with the same org 
have also tested the action 
another marine annelid 
type, with results essentially similar those 
‘The fac ts about to be presel ted deal chi tly wit 
transfer from one solution 
solutions of non-e ctrolytes (cane Voce! 
these with salt-solutions. 

chief general problem considered brie 


relation exists between the salts the mediun 


form chemical combinations (possibly the 
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with the proteids and this way influence the proper- 
ties the tissues? simply that the tissues require for normal 
activity the presence certain inorganic substances which, however, 
need not necessarily enter into such combinations but play passive 
and purely physical part (as was formerly supposed the sodium 
chloride blood plasma), such the maintenance osmotic pres- 
sure, the promotion the solubility certain constituents 


lity form such compounds, 


seems probable that the salts rea 
although concerning the chemical nature these very little known 
present. Certain the facts which have present, for instance 
those relating the comparative reversibility the changes induced 
different salts (especially MgCl, and seem indicate not 
only that such compounds are formed but that they possess varying 
degrees dissociability according the chemical nature the com- 
bined certain that the properties contractile tissues 
may made undergo constant alterations the use definite 
salt solutions, and that the properties induced one salt solu- 
tion may replaced other upon 
transfer media containing other provisionally accept 
the hypothesis that the salts form chemical combinations with the 
proteids, are justified assuming that condition chemical 
equilibrium exists between the salts the medium and the salt- 
proteid compounds the tissues. nature and relative amounts 
these compounds and, consequence, the properties the tissues, 
would then intimately depend upon the nature and relative amounts 
the salts the medium and would vary with variations the 
composition proportions these. Such assumption 
would conformity with the ascertained rules chemical equilib- 
rium and mass-action, besides being close accord with the actual 


results experimental study living tissues. 


GENERAL EFFECTS SOLUTIONS THREE 


now familiar and well established fact that salt solutions con- 


taining only one the several metallic chlorides normally present 


die gesammte Physiologie, 315. 
means tor securing solutions absolutely standard strength were want 
Holl the time most these experiments, and the denominations 


used this and the preceding paper must regarded only approxi 


the natural media 
activities such tissues 


solutions greatly diminishes the 

long-continued activity the presen 
(usually NaCl, and 
has been proved for the skeletal 


hearts the frog Miss Moore,’ 


of these authors, It w ill theretor 
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ponderance particular ion may partially counteracted the 


addition ion favorable the particular form activity 


question, The following will illustrate: has specifically inju- 


rious action muscular NaCl solution containing 
completely arrests both muscular and ciliary activity within four 
five hours. compare the action this solution with that 
two others, similar the proportions and but containing 
addition respectively, find the following: Solution 
less extent ciliary movement, continue for period sixty 
seventy is, however, noticeable that the muscular contrac- 
tions this solution and others similar composition (see below, 
page 30) are jerky and irregular, showing plainly that the still 
exercises impeding influence; the presence the Ca, however, 
renders possible the continuance contractions although modi- 
fied and imperfect the other hand, (go 

while decidedly more favorable than the 
containing mixture toward movement has relatively slight 
is as a ruie 


influence prolonging muscular movement, which 
brought rest within the comparatively brief space three four 


> 


hours. 


Thus the addition small amount whose presence, 
unless excess, always favors muscular movement the 


injurious influence the from becoming predominant; while 
the which has such specific influence muscular move 


ment, relatively without effect. Its influence, however, seen 
the marked extension the period during which ciliary activity 


continues. 

examination large number such solutions, presenting 
nearly all possible variations the proportions the constituent 
salts, has shown that remarkably close relation exists between 


each the above ions exercises upon the properties the tissues 


\ t ! ill ( muscular ¢ ra ( 
on 4) Nal Met | 5 Cl \ 
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ions, is to a very considerabie degree ol ! ndepel t t 
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July are rigid and somewhat runken are 
Cilia have been mostly dissolved are tive where they remain 
here strongly sides and bottom are dis 
inl il] 
July all are dead and twitching 
movements persist ina few. 9.35 are dead and shrunken 
Tl t ticeable li erence bet hece t lotior » 
most noticeabie Detween these two solutions per 


depends chiefly the characteristic difference 


ling influence 


physiological effects the Mg-and Ca-ions. The 
the K-ion muscular movement evident particularly 
Solution where, however, sufficient and are present 
sustain contractions for period nearly two days. Thus the 
spective specific actions Mg, Ca, and are apparent the 
above solutions. solution, acting whole, preserves the 
alive for about two days. 

Proceeding this principle, possible predict with very 


close approach accuracy the physiological action any given solu 


tion containing any the above salts known 
other words, the properties the tissues any solution depend 
large part upon combination summation the separate physio 
logical effects the several component ions. Such result 
perfect accordance with the theory which reference made above, 
which regards the properties the tissues any given time 
largely determined the nature relative proportions the 
contained 

is, however, essential for normal activity that these compounds 
should present definite physiologically balanced”! propor 
tions, since the presence excess any one ion disturb the 
normal physiological balance and act hence the well 
known injurious action pure solutions one salt, and solutions 
containing three salts unfavorable proportions are similarly inju 
rious. Thus solution the composition vols. NaCl 


vols. MgCl, vols. CaCl, appears contain these three 


This journal, tgoo, 445 
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and Muscular 


salts nearly the best possible propor 
capable preserving life and normal 
growth and development, for very 
three weeks favorable instances 


Is less active and ceases relatively s H 
strongly to the yiass, and within three « 


The most favorable solutions three 


1g he three chief chiorides ofl 


relative proportions the 
water are approximately preserved 
composition per 100 volumes: 83; vol 


approximately five times numerous 
numerous 


1 
chiorides, the 


cules should considerabiy outnumber C al 
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ing early loss muscular 4.30 Solutions and are 
decidechy the most favorable ; m thes the larvz wtively 
ble swimming movements, but irregular and without 
tion: the are rigid and almost entirely without muscular movemen 
Further records 
liar re clini na } nt ler ro} t 
most; ¢ rv movements are OW, ANC Alyse ha iarge proport 
Jul and ciliarv movement are present 
ements are slow, and large proportion. 
July P.M. are dead and motionless. 
n most. 
1 
] 
ro Cal lL. 
Julv swimming movements. few still show positive 
movements are very active, and fully rapid 
hnorm though mostiv unoriented., 
July 8.35 Ciliary activity and slow swimming movements 
contractile alt feebly slight; many with set 
of setzw ; a few wit 
movements are present im all SUT muscular movement 
July movements are present ina fair 
but wanting many; larva are rigid and shrunken practically 
July are dead and macerated. 
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favorable and within cight days fair proportion had attained 
four other solutions similar addition prove- 
ment, and indeed seemed rather detrimental than otherwise. 

slight decrease the osmotic pressure the solution also 
pears favor growth and series five solutions 
the same composition and proportions the above, each 


which had been added one third its volume distilled water 


CaCl,, etc.) the was favorability was 


the same above; growth, however, was noticeably more rapid than 
the more concentrated solutions, and was exhibited 


proportion Solution all larva: died within four days 
} 


but all tour the remaining solutions growth and development 
were possible. order favorability was compara 


tively few larva Solutions and attained length 


but Solution (the most favorable) fair number attained 
somites within six days; Solution the sixth seta 
appeared fewer and were not apparent until after eight days 
had elapsed; while Solution very few attained this length, 


and Solution none. 


Development slower all the above solutions than normal 


sea-water and a length of six somites is very rarely exceeded. The 


| 


} ] he thy 
ions must be set by 


limit the possible development such solu 
the available food supply, and since pure aqueous solutions this 
confined the yolk contained the organism itself, clear that 


development must cease when the been entirely consumed. 


fact readily observable that growth proceeds the opacity 


characteristic earlier stages gives way gradually increasing 


transparency, while the same time the yolk-laden intestine, which 


In SWarming larvae hiis aimost the entire raqdualiy 
diminishes size until finally reduced the condition 
slender and almost transparent band widely separated trom the body- 


Such larva, while active and all appearance healthy, are 


almost perfectly transparent and rule exhibit turther growth. 
observed changes indicate progressive consumption and trans 


location the yolk-material, which evidently being put use 


the constructive processes development. fact tha 


uy 
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processes Can take i ie i bili tii \ Nai-, 
and others that certain inorganic 
as tl ited a is ] 
| vit to assul 
such substances even this doubttul 
] + ] + 
tions may be, the fact remains tha level ! n | | n < 
medium trom which many the substan 
(nucieo-histon ) wolated Irom the liver w muUariy a rated 
alkail Lhe pr Sence Ol AM H ol id, ] { 
nave made simula servatiol In experiment n he xidati 
capacities different tissues. The liberation oxygen 
tions of nydarog roxide bv the cataly ction oF ] 
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] | ] } } vay ] t) rt 
colloidal platinum (Bredig and ntia 
oxidative in nature, IS also Lurtherea by the presence ol hall am 
and hindered acids. 
tut t i 
et pa 1804 


who also observed that weak alkali furthered the 
oxidations of various organic substances thro h the action of animal 


tissues, has attempted show that important connection 
between processes oxidation and the synthetic formation organic 
compounds the living For example, the oxidation 


benzol the tissues form phenol, considers that the O-atom 


not directly introduced into the molecule but that the primary 


reaction probably one combination with acid and atom 
oxygen form ethereal compound, thus: 

OH 

OC,H 
resulting compound, this phenyl-sulphuric acid, 
would yield [ree phenol on hydrolysis. simulariy, he assumes that 1n 


the living organism oxidation and compound-formation 
hand, the oxidation taking place connection with combination, 


probably rule with Such reactions calls 
“synthetic this theory, clear that conditions 
favorable to oxidative processes will also tavor those syntheti pro 

esses upon which may suppose growth and development largely 
depend Development should then favored the presence 


small amounts alkali and hindered acid; this has, fact, been 
found to be the case by Loeb,” who has ascertained that the develop 


increase the alkalinity 
tion trace acid. 


addition trace acid alkali sea-water was not 


have any appreciable influence the rate growth Arenicola 

growth very perceptibly accelerated the presence 
alkali and retarded prevented acid. Only slight increase 
alkalinity possible solutions containing MgCl, since 


almost insoluble water; yet even this 


marked influence. (ne characteristic effect immediate lique 
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faction this occurs very constantly ali solutions, 
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numbers the tow, especially ‘arly morning 
They disappear, rule, within days, 


therefore not proved possible relatively 


carried, have led 
above for \renicola 
The 
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more diamete 
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the tow thus not complete 


pment (like Arenicola 


Pure NaCl sol 


following record 


Polygordius usually make their appearance 
onsiderable 
evening. 
and has 
number experiments, which, however, far they have been 
4 ean ri} | 
essentially With those Gescriveda 
familiar and characteristic appearance 
1 } } } ly 
umbrella-shaped head-region, frequently 
down the siender cyimmaricai sec 
length and number somites 
size, behavior, and stage 
considerable variabilitv in all these respects. They are heliotropic, 
though less strikingly than Arenicola; and locomotion 
DY a COMDINAUION OF MuSscuiar and Ciliary activily. 
are rapidly injurious these The 
Observations: 2.45 P.M. movement largely arrested 
bent and almost motio the however, 
movements re st { 1} 2 ( ry ct t\ 
Nas almost ntirely « I, and for t most part ¢ 
Most show feeble muscular already 
how teeble muscular movement; ciliarv movement persists few 
ment Practically all are dead. motionless, and 
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20 


tions containing only volumes NaCl (60 NaCl 


ete.) proved injuriously deficient Na-ions, shown 
the early cessation muscular movement and the occurrence death 
within two days Solutions with volumes NaCl 


the contrary surprisingly favorable when 


solution 


and 
solutions the following composition (1) NaCl 


i 
} 


NaCl Solution was the 


i oe 
most favorable and Solution (with excess Ca) the least. 


both muscular and ciliary movement after interval 
Solution all were found dead after two 


however, many were found swimming actively after inter- 


val of ten days - ina few of these the rudiments of > two tentacles 
showing that development could proce: such solu 
ifter sixteen days, many were found still living and 
solution, and few remained capable swimming 
proved with 
combinations 


cid solutions 


FROM 


DIFFERENT COMPOSITION. 


experiment was the transfer Arenicola 


cihary movement continues actiy 


} 


“clumps 


groups 
have remained for only few minutes completely re- 
cover normal activity return sea-water hibit the 
usual behavior (active heliotropic movements 
the seta, (one hour) allowed elapse 
before 
contractions invariably 

but comparative! swarm 


hough many show irregul unoriented swimming motions. 


MeCl, (two six hours muscular con 


lit jong 


capable 
tan 
ten days; 
} 
alkaline and were not tried 
tirst 
and causes the larva collect 


tr tility ilv mmnerfectivy rectaread hi 
tracthity IS only impertec restored DY an 
movements are and limited. Nevertheless, even after sixt 
in the Me ution treatment that pr ee marke 
and a pallial iOSS OF Movement ISCUIAT ¢ ra ) 
Willi Stlli reappear in practicailV ail iat ron ad 
water. immersion induces rigidity from 
Ith pure a » SOLU ms recovery | m Cle i 
will produce reappearance hel 
induced the solution seems untavorable complete 
Pure CaCl, also acts more rapidly than Me¢ 
aisorganization trom which recovery 3s) tmposstibi Ye rthel 
larve that have been subjected its action tor twe 
hour which interval they are shrunken and 
will some instances show feeb twit 
sea-water 
more In cde@tali Dciow. 
Lhe restorative action of se water onl ry vel { 
chietly on the contained Na-ior Ss, Wh i its act re rest t 
the tissues have performed large number 
transfer and re-transfel! tween | e solutiol Naif 
are treated isses with pure fter 
contractions have entirely ceased the rawnh olf | 4 Nail 
Is substitute ISCUlal Col ractlo s are always i 
reappear; but helotropic swarming does not return, as i ea-watel 
since pure NaC i-soiution ts rious to ¢ ry nt () re 
transference muscular contraction tonce cease, 
} 
movements are process transter and re-transter 
continued with the same for hours time, 
change solution the changes appear rit 
( t \ ! 1 
10.cs c. y 497 Nal 


the desc 
invariability 
pecially 
witl 
ity, however, becomes 


cical 


novement was not 


{ 
: of muscular movements. appears ( 
11.03. Nat Musenlar movements 
‘ vement is obsery na good many 
one minut ldition 11.30 they are not 
st rv movement I na have ce 
unnecessary continue this record. The transfer back and 
forth from solution solution was continued throughout the 
muscular contractions. this time the had been transferred 
back and forth twelve times (24 single transfers); the experiment 
place almost with the certitude and 
reaction. This statement applies 
Us change of solution. This latte pe intelli- 
that after the process liquefaction has pro 
ceeded limit the mere addition cannot restore 
all the conditions requisite for this something more 
needed than certain state physical consistency, which 
ently all that the action MeCl, can the experiment 
scribed above, ciliary perceptible 12.21 
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he record Wil MiuSstrate : 
within one minute less. 
2.36. portion are transferred Contraction 
slowly reappear 2.37 they first become 2.4 larva 
stiff muscular contractions movement slow. 
Wa Gaed a 2-49, 5.3 marked Checking of cillary movenicl I 
iva nk to bottom and « e swinming 2.52 Larvee ar stiil rigid 
] 
l I pa 5 | 
movements 2.08. Well contractions are present all, 
though stiff and limited. 
still added 3.14 3.21 the are rigid and 
mouUonless Cilla are largely aissolved, but the ventral band is active in 
Muscular twitches are beginning appear most 
larvae are still number show twit 
show well defined muscular contractions, somewhat 
limited. 4.04. contractions all. 
( iry ction origina KCI is mu enteeblead anc \ 
added 4.15.5. 4.4 All are still motion 
dswitl it on scular movement. Ventral band of cilia teehly 
7.03 sea-water are beginning show muscular 
twitches Most show but well-marked twitches. 
] } ] ] 
are present practically all; contractions are 
na appear at mitervals 
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Similar results appear transterring alternately from 
Water ana i Nis an t Ina Cve;rai tll sinh ‘ 
but at each successive transter from KCl t sca ( } 
than before one experiment with tour such transters, 
tive intervals were 3, 10, I2 and 19 minutes 
What the explanation this ditference twee 
NCO on the one hand ana AY ri, and Cat cl 
tWo SaitS tO a ta Ta Sail Wwherea hh IN 
a considerable time must elapse before tl ya il Is it not ; 
with their injurious influence muscula 
If we assume that the K-ion forms with the proteids otf the n 
compounds that are dissociable slowly and with 
the phenomena become somewhat more that 
resuitS the formation oF § Compound ( ri 
large quantity, » That an eg Vaient required Toor 
CITY. The presence of even small 
seems sullicient to bindet ntractiiut | IS ! 


45 Ra / L €. 
/ 


the fact that immediate result appears return sea-water 
fectly motionless for least halt hour that few larva: begin 


revival, however, such movements appear large number 


these contractions appear aimost simultaneously larvae, that 


the appearance the first 


} 


be confid ntly expected that in all the others will « ibit 
well marked movements. 

The Mg- and Ca-compounds, the contrary, seem readily dis 
sociable. Neither these ions ally injurious 


each acts injuriously only when present such excess 


with the presence the proper proportions the 


other necessary ions (see above). The question, then, may put 
thus: Why should the presence substance (K) that has ten 


dency to form diffic ultiy. dissociabie compounds with the provela ol 


the contractile elements tend deprive muscular tissue the power 
teactilite ? It slear that a tissue wl e efficier denend< 

of contractiiity 18 ciear (Nat a tissue whose efficiency aqepends 


upon the labile condition its constituents likely injuriously 
atfected such substance. may reasonably assumed that 


] 1] Baa le han 
muscle is suchatissue. Its well-known susceptibility to « nanges in 


composition and proportions its inorganic constituents suggests tha 
its activity may depend, very considerable degree, upon changes 


the relative proportions its compounds. 


pearance rhythmical contractions muscle under the 


action pure NaCl solutions! shows that change the relative 


also, the well-known fact that increase the proportion the 


1] + als + hp ‘ } + 
calcium salts will act stimulus heart 
forming difficultly dissociable compounds, will tend limit 


such changes, and hence retard limit the activity the asso- 


clated contractions. 
this manner may possible explain cert haracteristi 
IS lay DE possibie lO eXpialn Certain Charact 


blood has for some time been regarded influential causing relax 
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show slight muscular twitches; soon after this first indication 


| 
2 
: 
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ation the heart-muscle and neutralizing the stimulating 
the Ca-salts above suggestions, although yet 


perhaps insufficiently supported facts, may help explain this 
action among other characteristic peculiarities potassium 
Thus the action the K-ion nerve strikingly similar 
its action muscle Mathews!), K-salts having marked 
effect (more marked than Mg-, Ca-, Sr-, 
This fact, together with those given above, throws 
much light the general pharmacological action K-compounds 
well known, these are poisonous when administered large 
amounts, the characteristic symptoms being depression the central 
nervous system and the combined with great 
weakness and apathy (cf. moderate lowering net 
vous and muscular irritability produced smaller doses, hence 
the familiar use these compounds, especially KBr, 
seems probable from the above experiments that these depend 
ultimately upon the production difficultly dissociable and 
non-reactive salt-proteid compounds within the living tissues, 

Pure NaCl much less effective than sea-water 
contractions Even after stay fifteen minutes 
even less transfer NaCl produces best merely 
momentary and incomplete recovery. Mixtures and 
however, effect partial recovery. The following record will illus 
trate these statements: 


MATHEWS: Journal the Boston Society Medical Sciences, 
349 
2 Conductivity thus lest may be restored by the action of NaCl. wl 
seems essential to the maintenance of nervous as well as of mus r rit 
noteworthy that muscle and nerve, although widely different log 
role, are alike in this one characteristic, that t ir activity by its very nature 
and called forth slight changes the rroundings 
prime characteristic each irritability, for which especially 
and whereas processes that are essentially and 
its action 
Vill, p. Ad2 
4 CUSHNY A text-book of pharmacology i Rerapeu > 
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twitches begin 3.10, and 3.25 most show well-defined 


vols. 


4 


contractions. movements appear. twitches begin 


and are well defined 3.40. 


The NaCl and CaCl, may added separately and either order. 
instances the following are given: 


June 29.— 10.42 A.M. added larve. minutes (11.02) 


less 11.06. 11.07 NaCl withdrawn and CaCl, added. 


Immediate contractions appear momentarily all 


example the reverse experiment, the following typical 
instance. 


are seen. 12.12 the CaCl, replaced NaCl. the same time, 


12.14.5 well-marked contractions appear while the larva are still 


rigid and motionless. 


12.35. contractions all. 


Entirely without movement. 


Both the above experiments were repeated number times 


with varying times exposure the action the different salts, and 


with results identical with those above set down. Very generally, 


however, momentary contractions appear immediately after the trans- 
fer from CaCl,. appears, therefore, that for resumption 
contractions after prolonged actiori the presence both 


Na- and Ca-ions necessary. the previous action CaCl, has 
supplied the necessary Ca-ions, the addition NaCl will call forth 
immediate contractions; similarly added after previous action 
NaCl. But the latter instance the contractions are only mo- 
mentary, since the action the pure CaCl, quickly results in- 
jurious excess Ca-ions, rendering further contraction impossible. 


MIXTURES THESE WITH SALT-SOLUTIONS. 


the above experiments the effects transfer, clear 


that the ions present any time the tissues may readily 


| 
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placed others according the nature the 
tissues are immersed. This.fact plainly supports the view that the 
relation between the medium and the tissues one chemica 
equilibrium between the salts the one and the 
pounds the other. this true, the endeavor establish equi 
librium medium free from electrolytes should lead continued 
diffusion ions outward from the tissues, and hence eventual 
loss the active properties however, certain propor 
tion isotonic salt-solution added the non-electrolyte solu 
tion, the tissues should tend less rapidly lose the properties that 
depend upon the presence this particular salt, since, when equi 
librium established, the corresponding ion-proteid compound 
still remain present greater less degree. should also 
found that restoration the proper saline constituents the medium 
within reasonable time after the loss the characteristic activities 
non-electrolyte solution will followed return these 
activities. these expectations are very accurately realized 
the results actual experiment. 

Pure glycerine and cane-sugar solutions (approximately iso. 
tonic with NaCl, etc.), were first used, followed mixtures 


these with solutions single salt, follows: 


Pure 


10-13, inclusive 


The second series was all respects similar the first except 
that cane-sugar was used place glycerine. 

pure solutions sugar and glycerine there seen 
loss both ciliary and muscular contractility. The following record 


will illustrate: 


Muscular movements are once perceptibly checked are move 
ments, though less markedly than muscular movements. Most 
show slow muscular and cilary movements tendency 
clumps Is also observable. £1.22 bee ble muscular and ciliary mo 


ments are still present are and show 


contractions slow swimming movements continue number 


glyc ne 
2 SO vols. 7 glycerine + 20 vols. Nat 
5 SO vols. 4 2 givcerine + SO vols. in Nat | 
4. 20 vols. § glycerine + SO vols. NaCl 
5 Pure NaCl 
Like 2 to § with KCI instead of Natl 
Glycerine and € al asa 
4 
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are rigid and without muscular movement: shrinkage 


well ciliary movements Larvae are rigid 


and shrunken slow ciliary movements continue many. 


Ciliary movement thus retained longer than muscular movement 
pure sugar-solutions. The action pure glycerine solutions 


essentially similar; glycerine, however, has itself 


injurious influence, and its solutions all activities cease sooner 


than the corresponding sugar-solutions. 


unnecessary give complete records the action the vari- 


ous combinations salt and non-electrolyte, since the effect such 


solutions almost identical with that the pure salt-solutions 


various grades dilution. general, dilution pure salt-solution 


with isotonic sugar-solution markedly diminishes the injurious 


action characteristic the pure while pure NaCl 


muscular movements entirely cease within three four hours, the 


sugar-mixtures contractions continue for period whose length 


within certain limits inversely proportional the concentration 


the NaCl. ‘Thus Solutions and above, contractions were found 


after almost ten hours, long after they had ceased Solutions and 


Similarly, the four Na-containing solutions ciliary movement con 


tinued longest Solutions and while Solutions and the 


characteristic liquefaction induced pure NaCl appeared early (sooner 


Solution and destroyed activity. 


With mixtures KCl and sugar, the peculiar action becomes 


immediately evident, seen the rapid cessation muscular move- 


ment. Ciliary movement, however, continues unchecked 


solutions for considerable space time, longest Solutions and 


eighteen hours, and ceasing relatively soon Solutions and 


The Mg-mixtures exhibit essentially similar 


iary movement remains active longest Solutions and 11. These 


solutions seem first even have stimulating when 


first added the exhibit excessively active ciliary movement and 


rapid heliotropic heliotropism ceases within few seconds, 


however (sooner Solution than 10), and muscular contrac- 


tility quickly lost. Solutions and 13, with higher concentra- 


tion Mg, arrest muscular contractions more quickly, indicated 


the non-appearance heliotropic swarming. Ciliary movement 


long-continued all these solutions: one instance continued 


7 
tis 


( war) and ular 


all four for period 

illustrates the specitic influen 
the mixtures suga 

first two solutions but 

the other hand, although limited, continues 

while ciliary movement 
Mixtures 

results. The following five 


advanced stage than the 


the pure cane-sugar-solution, muscular movements 
have completely ceased within less than hour, and 
were extended and Solution contractions 
more than fifty-six hours, while 
ments continued for many days. 
teria had become abundant and 
was then discontinued. Solution 
present. Yet even containing ninety 
sugar and only ten volumes was found 
contractions many for more than twenty-four 
few muscular twitches were still visible afte 

Solutions seventy-five volumes 
twenty-five volumes various mixtures two 
were also tested; but, might have been 
favorable these were decidedly more than 
the above serics. 
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recovery, however, was less perfect after prolonged action the sugar- 
solution. 8.35 August 16, transfer sea-water produced 


contractions. 


the effects transfer from sugar-solutions 
various artificial solutions have not yet been made. 

experiments taken conjunction with those described 
above, justify the inference that the inability solutions non- 
support muscular contractions for any length time 
(as pointed cut Loeb, Greene, Lingle, and others) not due 
any injurious action the dissolved substance itself, but 
solely exclusion the necessary salts, resulting from the 
placement the natural media the tissues such solutions. 
parently the absence the salts, the dissociation the ion-proteid 
compounds and the outward diffusion the ions short time 
alter physical and chemical conditions render continued contrac- 
tions impossible. 


AND CONCLUSIONS. 


Each the chlorides NaCl, CaCl, and 
cises definite specific influence the properties the contractile 
tissues; this influence evident even the presence other salts 
The inference that each salt forms within the tissues salt-proteid 
compound possessing definite physical properties. 

For normal activity these various compounds must present 
the tissues certain definite proportions. Hence the favorable action 
mixtures containing three chlorides, certain proportions, and the 
the relative proportions and Mg). 

The salt-proteid compounds are dissociable, and the salts are 
thus readily replaced one another the tissues with correspond 


ing changes the properties the loss mus 


> 


cular contractility solutions containing insufficiency Na-ions, 
and the revival contractions transfer pure NaCl-solution 
sea-water. 

K-salts are peculiar forming combinations that 
readily dissociable; hence their specifically injurious influence 
muscular contractility. 

non-electrolyte solutions the active properties the tissueg 


q 
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and Muscular Movement 


are gradually lost; the addition small quantities 
solutions the non-electrolyte solution prevents the immediate 
the properties that are favored the presence those salts 

Development may proceed favorable artificial 
NaCl, MgCl,, and CaCl,; hindered the presence trace 


acid and furthered the presence trace alkali 
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INTRODUCTION 


1895 Professor Loeb! published the results observations 
the effects lack oxygen the development certain marine 
eggs. found that the fertilized eggs Ctenolabrus, bony fish, 
cannot segment sea-water freed from oxygen. Moreover, 
the two, four, eight cell stage placed under conditions lack 


oxygen, the cell walls will But neither the unsegmented 


eggs nor those with liquefied cell walls are may 
and developing brought back into sea-water. 

found also that the eggs the sea-urchin, Arbacia, cannot 
segment absence oxygen, although this organism the solution 
already formed membranes does not occur. the contrary the 
eggs another bony fish, Loeb? showed earlier 


paper, can segmenting for several hours total absence 


Archiv fur die gesammte Physiologie, 1895, 
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oxygen. 
behavior the 
studied also 
Ctenolabrus and 
stops beating very soon. 
Thus again the differences 
animals are emphasized. 
his experiments used 
the oxygen Engelmann chat 
bryos. prevent segmentation before 


out the chamber, made use ice. 


point water. 

tinued for about two hours. 

room temperature and were observed from 

hydrogen being continued slowly 
was partly with the hope finding 


> 


menting with lack that Dr. 
potassium cyanide sea-urchin 

ascertain whether 

constant 


words, 


titrated solution KNC distilled 


Woods Hole from the laboratory Chicago. 


solution. This solution was diluted 


make solution and trom 


the other solutions were 

probably magnesium and calcium hydrat 
strong sea-water. This was 
but subsequent dilutions was not suffi 


troublesome. 


lized the laboratory the 


Oxveen upon the en 
atter beats for many 
the air ha all Deen arivel dh 
laced i diately 1 he } } - ] ] ] +} 
places Immediately in the chamber and cooled neariy to the tree 
gas was started, and 
rs were ailowed to assume ‘ 
time to time, the stream 
the experiment 
suggested that | try 
urthermore desired that 
of development In other 
oxygen equally essential at all Stapes of GeV pmen 
Other questions came during the progress the 
water had been brought 
sea-water 
precipitate, 
follows the addition 
1 olf trom the out 
eggs the sea-urchins used these experiments were fert 
The Mol is a solution 1 by dissolvir ! ! ! 
numeric uly eq il to its mol lar we oht i tive | 
of KN¢ contains 605 rams in litre and is therefore a ¢ 


Lyon. 
were brought into measured quantities (usually c.c.) the solu- 
tions contained flasks about c.c. capacity. slight change 
concentration was unavoidable when the eggs were added. This 
change was kept constant and small possible always intro- 
ducing, means marked pipette, the same amount sea-water 
(about one 

the early experiments the flasks were kept covered with loose 
fitting glass caps, the idea being that plenty air should admitted. 
But was found that the solution rapidly weakens, chiefly, doubt, 
through the evaporation most the experiments, there- 
fore, the flasks were kept tightly corked. Since the constant effect 
the cyanide these experiments, well those higher 
animals, seems paralyze the power oxygen consumption 
the cells, complications were introduced thus closing the 
flasks. 

When was desired remove eggs from the cyanide solution, 
they were drawn pipette and carefully dropped into the top 
test tube full filtered sea-water. The eggs sank slowly 
through this, leaving most the poison the upper part the 
tube, whence was drawn off means bulb syringe. neces- 
sary the process was repeated until the eggs were thoroughly washed. 
they were placed watch-glasses filled with sea-water. 
After convenient interval, usually several hours, the eggs were 
examined. Further examinations were made there was still 
chance that the eggs might develop interesting 
sented themselves. 

All the experiments were carried room temperature, which 


averaged about 


RESISTANCE DIFFERENT PERIODS DEVELOPMENT. 


RELATIVE 

Professor has shown that the egg differs strikingly from 
advanced stages its resistance certain ions. For example, 
potassium much less poisonous the egg and embryonic tissue 
than the heart skeletal muscles later stages. find that the 
egg quite resistant cyanide, and that there progressive loss 
resistance development proceeds. For example, after immer- 


sion solution KNC during forty-eight hours more some 
unsegmented fertilized eggs are still able, when brought back into 
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normal sea-water, segment and produce 
bryos (plutei) two days old, from the same 
contrary, killed five six hours the above strength 
ide, while one-day embryo might survive eighteen twenty 

give below tabulated form the results one experime 
designed test resistance different ages. 
numbers any space indicates the number hours 
after which some the eggs developed swimming 
case embryos, the number hours after which 
from the poison, The second number denotes the 
words, the organisms were killed somewhere between 
mentioned 


after fert 
were placed i 


understood that the above are extreme limits. only 
one or two eggs would develop out of several hundred Many micht 


hy? 


begin segment but fail reach the blastula stage. 


reach that stage, only disintegrate immediately after ciliary 


began. practically impossible, therefore, get 
periods. The above figures express the truth broad way 
detail. 

one particular, however, further experiments are desirable 
table would seem indicate that the early blastula (seven 
embryo) may resist the poison longer than the unsegmented 


Some the other experiments contain inconclusive evidence the 


same effect, while others does not come out rtain 


yf 
n 
n 
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t 
Strength of RNC solutior 
» Solutions 
utes after fertilization ? 
19 hours Gastrula 14 ]! 2-4 $4) 824 24 5-24 
Figures indicate number hours two observations between death occurre 
Nal 
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that the cilia the Arbacia embryo are very resistant KNC. 
will shown later, plutei often recover the power ciliary motion 
treatment with cyanide, only pieces immediately 
seems probable from experiments that, the blastula stage, 
possible proper period treatment arrest develop- 
ment forever, while the power motion may recovered and the 
embryo swim about for days. other words the functions cell- 
division, differentiation, and growth may stopped, while ciliary 
blastulas, after being taken from the cyanide solution, recovered 
ciliary activity and swam about actively for three four days without 
showing any trace further development. the end that time 
some them went into the gastrula and pluteus stages, but 
think that others never did. 

this connection interesting compare results for the 
fertilized egg with those Loeb and Lewis! for the 
will seen that fertilization considerably diminishes 


DOD 


which 
developed after forty-four hours. Even after only twenty-four hours 
very few became swimming and most these were unnatural 
ciliated forms that never became plutei. and Lewis found, 
however, that unfertilized eggs segment and develop into 
swimming after seventy-five hours even longer 
solutions being flasks probably did not lose their 
strength fast those Loeb and Lewis, which were 
covered finger bowls. But that this not the cause the whole 
difference clear from their experiments with renewed solutions and 
corked flasks. example, few unfertilized eggs were able begin 
development after sixty-six hours KNC corked flask. 
fertilized eggs developed even began cleavage after forty-four 


contained loosely capped flask. 


hours 

should said, however, that all experiments the relative 
resistance solutions strengths comparable with those 
and were made before found that there are successive 
stages relatively high and low resistance each 
these early experiments usually waited about fifteen minutes after 
fertilization before placing the eggs the solutions, the supposition 
being that should wait until union the pronuclei had occurred, 


order avoid killing the sperm. The condition fifteen minutes after 
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Potassium 


fertilization is, 


ance. It is probable that if I had 


found for unfertilized 


were perhaps sufficiently strong 


four cell stage Thesé ditterences 
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plainable the basis that 


similar periods resistance. 
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sea-water. solutions less 


velopment usually went the 


remained alive long the 


control the solution was stron 


solution was weaker, say 


developed faster than the control 


noticed when the embryos went 
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seems much variation difteren 
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has found that the addition small amount ions 
sea-water hastens the development Arbacia eggs. Since KNC 
solutions, least strong ones, are alkaline, might supposed 
that had here with the same phenomenon. But compari- 
son the added alkalinity the two cases shows that this not 
the explanation. For example Loeb added c.c. NaOH 
100 c.c. sea-water one his experiments. Titration showed 
that about 1.4 remained solution. other words, there was 
the added KNC was only 0.000001 0.000002 and the added 
alkalinity much less, indeed weak solution contains any free 
ions. 

Loeb noted further, his work Fundulus, Ctenolabrus, and 
Arbacia eggs already cited, that specimens current hydrogen 
(the chamber not being, however, yet entirely free from oxygen), 
might segment little before the Often the difference was 
from six ten per cent favor the eggs the lessened amount 
Whether experiments are expression the same 
fact remains for further investigations determine. 


CILIARY MOTION AND DISINTEGRATION EMBRYOS. 


have mentioned that plutei placed KNC solutions went 
pieces very soon after being returned sea-water. Examined under 
the microscope, the cilia which had been paralyzed such cases 
were seen start up. Then some exposed part, usually one 
the arms, cells would begin break loose. The fragments were 
generally single cells; occasionally, small number united cells. 
These loose cells looked like minute flagellates. They swam for 
instant, then settled down and were not seen move again. 
dozen more might leave inside two minutes. Meanwhile the 
pluteus continued swim about, gradually losing cells until the 
skeleton was exposed and finally very little else was left. The disin- 
tegration became complete. 

was interesting note that disintegration did not occur unless 
the cilia recovered from the the plutei were placed very 
strong KNC were kept for long time weak one, there was 
recovery the cilia return sea-water, and the organism 
remained intact until putrefaction set however, the 


tur Entwickelungsmechanik der Organismen, 632 
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covered, the whole mass cells might swim away from 
within few minutes. would seem, that 
weakens the union between the cells. They drop apart 
est shock, for example, the pull the cilia. 

The same thing could demonstrated 
motion had begun. Eggs placed cyanide 
the blastula stage and with the vitelline membrane still present might 
recover after being placed sea-water. Then cilia could seen 
motion, and cells would swim away through the ruptured membrane. 
The whole embryo would quickly 

This weakened coherence the cells was seen also 
which came from eggs which had been treated with cyan 


number eggs 


‘ 
Db 


cleavage began. Suppose lar 
immediately after fertilization, KNC and taken out 


hours, washed, and placed sea-water. Probably ninety-nine per cent 
the eggs would segment and continue development the bla 


tula stage 


soon they acquired cilia, the cells would fall apart 
and die. Perhaps not one per cent would keep together and 
developing. This was noticed often that the presence numbers 
loose cells became sure sign that swimming larva had devel 
oped, even though not one could found the time examina 

interesting note that this disintegration ciliary 
while apparently secondary effect the poison, really 
lack oxygen lack the power using it. This 
the fact that the same kind disintegration follows prolong 
exposure pure hydrogen the tables which 
will accompany the part this paper devoted the 
ance seen different periods each cleavage will indicate how 
great extent this occurs. 

From experiments the Tradescantia cell Moor! concluded 
that the oxygen was needed for the formation the cell walls. 
Loeb? found that the cell walls Ctenolabrus eggs 
the two eight cell stages were liquefied oxygen vacuum 


and reformed readmitting air. noted that the membranes 


Arbacia are not liquefied. But though not visibly different, the 


membranes, experiments show, are apparently some way 
changed that the cells not cling tightly together. Moreover 
the eggs are put KNC under lack they are some way 
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affected that membranes not formed for hours come are 

nevertheless weakened. And for this reason alone, apparently, the 
majority eggs treated with cyanide for any length time cannot 


develop beyond the blastula stage. 


IMMUNITY KNC. 


far know, experiments have heretofore been made 
immunity this poison. own investigations are not extensive, 


but sufficient show that considerable degree immunity can 


developed. ‘The results two experiments will 
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Experiment Eges Arbacia were allowed develop for three day 


and those the first two solutions were far along the control 


Embryos from each solution and from the control were then 


less than ten minutes the embryos from the control were precipitated 


these solutions, although still moving feebly the bottom the 


minutes the control were dead and 


after, those Meanwhile all those which had been raised KNC 


ity 


ons were 


ion were precipitated but those 
Lom }} 


course, were still active twenty-four hours later. Some 


embryos removed from the control appears, then, 
i 


that embrvos raised weak solution KNC are able live solutions 


two three times strong embryos the same culture 


sea-water. 


Experiment Fertilized eggs were placed and 
KNC. ‘Twelve hours later the solution was full active 
blastulas. Some these were transferred They soon fell the 


bottom but later recovered and went developing. But the eggs originally 


coy 


days after the eggs were placed the solutions the 


KNC were found far advanced the control raised 


Samples each were KNC. Those raised sea- 


water were all precipitated less than hour and raised 
did not begin down till much few were still swim- 


two days later. 
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age, the curve resistance KNC during cleavage may dia; 


matically represented Fig. the exact rise and 
the curve relative its average height above the base line 
wholly assumed and the characters the curve itself, for the present 


are largely guesswork. 


[he ordinates indicate the degree resistance, 


number minutes after fertilization. 


After had secured these results with KNC, Professor Loeb 
gested that try lack oxygen brought about other used 
hydrogen. The breeding season for Arbacia was nearly over, and 
were hard get and more difficult still fertilize. 
succeeded getting three good experiments, each consisting 


several series. point the same result. ‘There stage when 


i 


the eggs are very susceptible lack oxygen, and this period 


about ten twelve minutes after fertilization. these experi 


ments, hydrogen gas was generated from sulphuric acid and zine and 
purified passing through containing successively 
potassium hydrate, potassium permanganate water 
The gas was then passed through four small rubber-stoppered wash 
bottles, each about capacity. The bottles were arranged 

two series, and two that is, the stream gas was 
divided into two parts and each part passed through two bottles. 
ideal plan would have been give each bottle independent 


supply gas, thus insuring that air which might get into the 
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drawn without many other kinds 
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can divide atmosphere hydrogen 
(or least, atmosphere free from oxygen that visible proto 
division takes 
nucleus 
without oxygen 
seem that susceptible period must concerned wit 
cytoplasm only, else that general rule regarding the necessity 
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already 
segmentation for several 
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division and for comparatively short time 
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STUDIES MUSCULAR SORI 


NESS 


paper neuro-muscular fatigue published this journal 


muscular soreness beyond the statement that when 
muscle makes series contractions against strong spring, 


soreness frequently results which cannot regarded 
non pure Further discussion the matter post 
poned await the completion the experiments which 
basis the present paper. 


use the word that time was somewhat indet 


} 1] 


nite, and may well the outset define use then 


and now, order prevent possible misconception. trained 


muscle muscle training meant one which has been making 


regular ergographic experiments for some time previously without 


resulting soreness lameness. The muscle may have been accus 
tomed ergographic work and may very strong; but con 
siderable period time have elapsed since the last experiment, such 


1.7 


unable state what length time must elapse muscle out 


training; but have never classified muscle trained unless 


had made experiment within the preceding three weeks. 


attention was first attracted the subject muscular soreness 
almost daily ergographic tracings from the flexors the 

finger had been brought The muscle was high 


degree training, the curve work always falling asymptotically 


7 
constant fatigue from which recovery place 


passing slower rhythm. soreness had been noticed. 


experiments were resumed November, after the lapse 
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pain, however, gradually wore away the experiment con 
tinued, and the course five ten minutes had entirely disap 
peared, was noticed only the height contraction. 

curves obtained the first and second days may com- 
pared reference Fig. will noticed that the disappear 
ance pain was without effect the height contraction, which, 
under the conditions our experiments, equivalent saying that 
was not accompanied improvement the strength the 

muscle. will also noticed that the rather striking level 
work maintained throughout the second experiment approximately 
that which the curve the previous day had fallen. 

soreness, which thus disappeared during the tracing and 
which was not noticed for some hours afterward, returned 
twelve hours and ran the same general course that observed 
after the tracing the first day. the following (third) day 
similar experiment gave curve almost identical with that 
second day. Indeed, improvement whatever was noticed 
working capacity the muscle 
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daily experiments were 
eave the same reduced level ol work ; the Ssore- 
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made; each tracing 
ness, first very intense, passed off from five ten minutes, 


return some hours later. Such daily experiments were 


six days. 


have previously shown that changing the rhythm 


the rhythm complete recovery 


po 


occurs the trained muscle within some ten 


esting note that neither the first nor subsequent tracings 
this and similar series was any marked recovery observed 
sore muscle. somewhat greater recovery may obtained 


massaging the muscle between contractions, but even this improve 


ment comparatively insignificant. 
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the soreness gradually passed away from 
four seven days were allowed between tracings. the course 


month and half the working capacity the muscle, indi 


cated the height the initial contraction and the level 
improved step step until was somewhat better than that 
served eight months before. ‘The third series experiments given 


former were from after the muscle was 
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ceeding tracing Immediately after the close 
j marked discomfort was noticed; within filteen minut \ 
against even resistance was ven 
Although have record the exact time which 
| is sale to place ita hail hou l 
this time gradually wore 
entirely within four hours it Wil be remembered t 
at 
the experiments described the beginning this paper, 
whatever was experienced durin the 
several hours the day the 
tracing was taken to test the working capacity of the m 
nution the height the initial the rue 
and suffering no soreness either Gaduring or after the experiment 
two experiences, thus described det 
nt rent > rier haw? + ¢ ‘ 
expericice nas shown me it i \ ire \ 
sugvested the advisabiiit ( Studvit t Ww Oic yor I ! 
Qbservations have a oOrdinely b n made, under 1 
In the physiological tabol ry of the 
but mostly the Normal 


VO! ked 
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carefully and conducted the observations 
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| Kx ept in the case of one subject (TT. H.), the 


the finger splint was attached approxim itely 


ever, little importance the present investi 


does not involve comparison of daily records from 


he 


accurate. 


Study the results will, think, 


CONnCIUSI 


are two Kinds of muscular soreness or 
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kind, the contrary, not noticed all the tin 


after the work, increases maximum which may 


twenty-four, even more hours later; indeed 


not make its appearance until the second day 


unst resistance © 


few cases the adjustment was not made all Thi 


four hours afterward; passes away entirely 


myself acknowledge own indebtedness tho 
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assume that this distance was always accurately dete 
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observations and settle, possible, certain questions suggeste 
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Studies 


The first kind soreness especially characteris 
tained tetanic contractions and rarely occurs with the rhy 


tractions used these experiments. 


The second kind soreness comparatively 


especially noteworthy that, while 
most marked where fatigue 


second kind not only follows the less fatigu 


rhythmic ergographic experiments, but may 


form experiments with the slow rhythm 


1: 


show relatively slight diminution 


experiment this point shall return 


desired emphasize the fact that the intensity 


kind soreness not only does not vary with the intensity 


but seems, the contrary, entirely independent phenomenon 


Both kinds soreness are, general, much more marked 


those muscles which give the strongest (highest) contra 
While the second kind soreness followed experiments 


Se¢ 


rhythm per cent the cases, followed thos 
. 


the rhythm only per cent 
sec. 
certain subjects experiment the same 
different times with different forms contraction 
the results in these cases for convenience of comparis 


found to Support the above conclusions na 
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Each “yes,” no,’ 


The subjects are arranged general the order the strength 
pull exerted. 


TABLE 


Showing the occurrence soreness after ten more hours those muscles which 
worked with more than one rhythm. Where marked soreness followed all 


kinds contraction the results are given italics 


a 

Subject. ‘etanus. 

C.S. M Yes Ves Yes ; 
ay 1 

A. No ght Yes Yes 
G. L. F. yes 
G No Yes! No 
A. i. D. Yes Slight 
No, No No, Slight Yes, Yes, Yes, Yes 4 
H. W. No, No, No nea Slight ? 
C.A.B Slight Yes 

4 

BF. No No 


Dis SSION OF Ri SULTS 


above results are worthy of attention because « 


which they throw the nature muscular and from 
bearing upon the technique work nera will 
convenient discuss these two phases the matter rately 


The muscular soreness which for the want better term 


have simply called the first and which frequently appears 


during sustained tetanus would seem closely associated 


the phenomena fatigue. Upon this basis presents lit 


culty explanation. know that waste products accumula 


within the sarcolemma and subsequently 


spaces the muscle. Loeb! has shown, moreover, that when 


excised muscle has been thrown into activity the osmotic tension 


within the muscle fibre increases, shown its increase 
weight when placed solution sodium chloride isotonic with 
the contents resting muscle would seem, view these 
facts, that until the blood and lymph currents are able remove the 
diffusible wastes from the muscle, there must more 
the organ. Whether the pressure the swollen muscle 

upon the sensory nerve endings is to be regarded as the use of the 
soreness, whether are dealing with chemical 
these nerve endings, whether both causes take part the sore- 
ness must for the present left undecided; the former the only 
cause, the thickness the muscle fibre must obviously 


than maximal contraction, where such soreness felt 


the experiments made 1901, were made 


1 


the girth the forearm before and after the 


marks were made the skin over the belly 


get the measurements the same places. The results 


whole have been unsatisfactory; however, interest note 


that whereas the measurements following rhythmic 


nus was always followed increase girth, vary 


sustained tet: 


ing from to6 the other hand, equally large 
were sometimes observed after rhythmical work ai \\ non 


ness whatever was present. 


SORENESS 
Lie muscie 


Theodore 


this soreness, then, caused the same conditions which 


produce fatigue, namely the presence the diffusible waste products 
activity should expect find, find, that takes the 
course described above, passing away within very few hours the 
work One other peculiarity this soreness may also 
urged support our explanation its will remem 
bered that was common experience find that the pain accom 
panying the work sustained tetanus ceased altogether with the end 
contraction, while lameness developed marked degree during 
the following half hour more. This would mean that the pain 
felt during contraction partly due the pressure the contracted 
and now somewhat swollen muscle fibres sensory nerve 
the release this element pressure the cessation contraction 
brings temporary relief; the greatly increased however, 
which follows the relaxation the muscle now gives for the 
osmotic conditions favorable for the absorption water the fibres, 
with the return pressure their nerve endings. This alone may 
enough produce soreness, which greatly increased, course, 
should the muscle contracted while this condition, 
any case, should expect the lameness pass away, 
actually does with the removal the dittusible waste products the 
blood current. may also called the fact that 
should expect the soreness greatest the stronger muscles. 
Passing now the second kind soreness, think that the facts 
already given show clearly that not phenomenon 
occurs least frequently where fatigue greatest, that say, 


} 


sustained tetanus; rarely follows rhythmic contractions which 
show marked fatigue, that say those tracings which the 
fall the fatigue level was rapid and the fatigue level itself was low; 
has appeared most severe form with slow rhythms where the 
fall the height contraction was least all; and makes its 
appearance time when should expect the conditions fatigue 
entirely removed. The two processes, other words, run 
entirely independent course. 

the other hand, may appear after any kind muscular work, 
especially the height contraction very great, thus subjecting 
the muscle great some kinds work, however 
more readily than others. almost always appears greater, 


This statement, course, refers the height contraction our ergo- 


graphic experiments, which involves correspondingly increased tension 
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LErgographi Studies Museu: rr SQ) 
less degree after experiments with the rhythm 
smaller but still large per cent experiments with the 
( I sec. 
much smaller percentage atter exp 
ray 

\ I sei 

tetanus. 

ness and the height the contraction relation 
height contraction and the frequency soreness has already 
pointed out. the suddenness contraction, will 
that soreness more frequent with the rhyt tha 
with the rhythm sec., where the number contractions 
unit time the same but where more time allowed 
shortening. one who has used these two rhythms acquainte 
with the entirely ditterent psychical they produce; 
former the subject feels somewhat hurried, the latter, that there 
ample time; the that with the former rhythm the 
traction inevitably assumes the form jerk, with the latter 
slower and more deliberate. 

will once suggested that the results with the slow rhythm 
not bear out this view the how 
RX G $@CC. 
ever, will show that this not the case. The sul 
unconsciously afraid that when the tenth second comes, will not 
make the best his opportunity, and accordingly puts 
effort into the contraction, that gives almost all 
form jerk. sure, from watching the experiment 
cases where the resulting soreness was very marked, that this 
moreover, one experiment which have myself made with this 
rhythm upon untrained muscle and which special care was 
taken avoid the jerk form contraction, the resulting reness 
was comparatively slight. must also remembered that 
rhythm adds the other factor which have seen closely 
associated with the production soreness, namely the bigher con 
traction, greater tension 

seems that not only are these facts all explained 
tion that the second kind soreness described paper has its 
origin some sort rupture within the muscle itself, but that this 
assumption explains other things which have been 
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will remembered that the initial experiment with 
muscle showed continuous fall the height contraction, but 
that this fall presented frequent sudden diminutions the height 
contraction, from which there was little subsequent recovery 
passing slower rhythm. This striking contrast the 
result with trained muscles; their curves 
under favorable conditions and passing the slower rhythm the 
contractions reach the height the initial contraction some ten 
minutes; indeed, they almost reach this level two 
now the untrained muscle, owing the rupture either the 
muscle fibres themselves, the connective tissue which transmits 
the pull the fibre the tendon, certain fibres are thrown out 
play, the working cross section the muscle will that extent 
diminished; the height the later contractions against 
will determined not only the conditions fatigue but the 
diminished number effective fibres; these ruptures take place 
there will sudden falls the height contraction; the slight 
recovery noticed upon passing the slower rhythm due the 
amelioration fatigue conditions, but complete recovery 
sible. view the case further borne out the facts that 
the height the initial contraction the following day much 
lower than the first experiment the series, and that the fatigue 
level higher, indeed the same the final con- 
tractions the first Fig. 1.) 

history the soreness itself, its appearance only some hours 
after the tracing, the very painful character maximal contractions 
while the muscle this condition, the disappearance the sore 
ness upon continuing these contractions, and its subsequent reappear 
ance some hours later, all present the familiar picture the 
tion adhesions the process repair and the painful breaking 
the same adhesions movement the affected 
larly the recovery observed when rest given point the same 
direction, and suggest analogous experiences with sprained joint. 
Johns Hopkins University, for useful suggestions 

Special attention may also directed the fact that the first 
few contractions the muscle which show but 
little diminution working capacity compared with that the 


same muscle Fig. The fibres the untrained 
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trained muscles, that say, upon muscles which can de- 
pended upon give typical fatigue curves with the establishment 
fatigue level; and testing the influence any agent such 
temperature changes, humidity, smoking, 
stimulants, special food-stuffs, etc., upon 
fatigue those experiments which are complicated soreness should 
rigorously excluded. Not only this, but the muscle should all 
cases tested for soreness the period beginning twelve hours 
after the completion the experiment. This all the more im- 
portant view the fact that the abnormal condition the muscle 
frequently escapes notice, unless attention specially directed 
making work over extension. 


SUMMARY RESULTS AND CONCLUSIONS. 


addition the results already given pages and 85, 
may add: 

The first kind soreness would seem due the same 
causes those which produce fatigue, namely the presence the 
diffusible waste products activity. 

There are reasons for thinking that the second kind soreness 
fundamentally the result ruptures within the muscle. 

When the ergograph used study fatigue, all experiments 
which are followed soreness the second kind should ex- 
cluded and all such work the muscle should tested twelve 
more hours later for soreness contracting against resistance and 
over extension. 
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VI. Crystalline extractives 


Summary 


structure and composition. The intluence any tissue 
the other parts the body more easily understood our appre 
ciation the varieties and relations its constituent 
creases. tissues have received little analytic attention 
have been overlooked reason, apparently, their seeming meta 
bolic passivity and because they serve mainly mechanical functions 


The earlier observers regarded the cervical ligament 


vascular tissue, for the most part, with practically special chemical 
Some the results this research have already been viven the 

ings of the American Physiol Society This journal, 19 \ 
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activity and believed that consisted almost wholly the albumi 
noid elastin. however, has been found this laboratory 
that the ligamentum nuchz the contains not only the large 
percentage water and elastin, and the slight amounts inorgani 
matter, collagen, and fat assumed present the earlier investi- 
gators, but also appreciable quantities 
and crystalline extractives. These later results indicate that the 
production elastin the feature ligament metabolism, and 
they indicate, further, that the chemical changes normally occurring 
yellow elastic tissue are greater than had been supposed. 

have recently subjected the various constituents elastic 
tissue somewhat detailed study. The particular form tissue 
from which the constituents were prepared all our experiments 
was the ligamentum nuchz the ox. 


LIGAMENT ELASTIN. 


analyze elastic tissue. his earlier preparations pure 
small pieces the cervical ligament the cow were first extracted 
cold water remove traces blood and inorganic matter, and 
then dehydrated (and fat with alcohol and 
product was hardly anything better than prepared” 
second preparation extracted boiling dilute acetic acid 
with the acid doubtless removed all 
coagulable proteid and most the collagen, but probably left behind 
most, least much, the mucoid. The residue prepared this 
way (after thorough removal acid washing water 
dehydrating), unlike the product obtained the first method, was 
both the methods used Tilanus the tissue extractives were 
doubtless completely eliminated. 

improved Tilanus’s methods adding treatment 
boiling dilute alkali and cold dilute mineral acid the preparation 


2 We use the word * mucoid ” in the sense first suggested by COUNHEIM set 
See einer allgemeinen physiologischen 


Zeitschrift fur rationelle Medicin, dritte Reihe, 173 
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process. alternately boiled finely divided ligament 
from the horse and dilute acetic acid and dil 


hydroxide, and then extracted cold hydr 


Such treatment tended remove the residual collage 


mucoid, but also favored decomposition the elastin 


that his purified product was fibrous microscop 


seemed the alkali treatment 


made still further modification 


Muller introducing repeated extraction 


ment the water. The treatment 


+ 


thoroughly transformed insoluble collagen 


though made subsequent extraction 
continued all his extractions 


the 


periods than any his predecessors. Subsequently, 
commenting work and 


elastin preparation used him wrote 


the method treatment, that appears almost 


7 LSSlte 


ic 


body belonging group noted for ease 


not suffer some change such long process 


Chittenden and compared elastin made trom 


their own process, which was the same except that 


i 


was not extracted chief note 


elastin which had been treated with potassium 


sulphur, whereas that which had not been extrac 


contained 0.3 per cent. For the first time the 


hot alkali was appreciated and pointed out.’ 


} 


the probable presence mucoid 


reason for believing that the mucoid could 


removed from the tissue pieces without the aid alkali 


i 


< 


Bergh" recently obtained elastin from the 


method, but added, also, 


( 


HIPTTENDEN 


CHITTENDEN and Harr: Lec. 


Mdiyections tia aise ecn ratsead trom another 


Annalen der Chemie und 


2. 


pepsin 


a 
q 
a 
Im nucha 
potassium 
Mullet States 
used 
water 
more 4 
Cl 
Cn anid 
method 
7 
7 
7 
frat 
wm with aikail 
1 +] 1 ¢] fer 2 ] +} 
‘his was the method then commonly used tor the yiration of re 
7 tissue elements like cellulose and chitin 
! 
Chemistrv. Yale University. SS, IM, p. 19 


chloric acid. Elastin readily digestible gastric however, 
that this modification treatment could hardly have dissolved 
very much that the acid and alkali did not remove, except clastin 
itself. Aside from determining the presence sulphur his own 
preparation elastin and commercial product from 
the same source and prepared method), Bergh 
made attempt ascertain the elementary composition ligament 
elastin. 
The ligament elastins made various studies this albuminoid 
other observers (whose analytic results are referred below), 
were all from the same source —ligamentum the 
made his products Miiller’s 
and obtained theirs the Horbaczewski 
and each used the method Chittenden and 
The following summary gives the average analytic results for 
percentage composition the ash-free products prepared from liga 
ment the above methods.’ 
Met od of preparation. ( H N Ss © ; 
Extracted with hot alkali 7.41 16.19 20.94 
See page 
St. Petersburger medicinische Wochenschrift, neue Folge, 
STOHMANN und LANGBEIN: Journal fur praktische Chemie, 
ZO) Zeitschrift fur physiologis« he Chemie, 1597. XXill, p- 230 
Archiv fur xxxvi, 166. 
Society, 1899, This journal iii, 
the composition elastins from other sources than ligament see VANDI 
293. have occasion this review refer elastins which were not 
observers have engaged chemical studies elastin without 
satistying themselves of the purity ot their products. - 
MULLER found per cent his elastin, but assumed 
due accidental impurity. 
Physiological and Pathological (1884, 129), were those obtained 
schrift fur Biologie, 1874, 84. 
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treatment with alkali, addition acid, order effect their 


complete solution are mucoid, and traces nucleoproteid. 


bodies they are situated, resist the action acids, the 


particularly, and their removal from compact tissue particles easy 


only when alkali used. They are readily soluble cold dilute 


lime-water, which has effect the elastin.! 

Improved improved method preparing ligament 
elastin includes extraction cold lime-water instead 
treatment with boiling potassium hydroxide, and may given brietly 
follows: Ligamentum nuchz was cut into strips, these very finely 
minced meat and the resultant hash thoroughly 
cold running water for from twenty-four forty-eight 
blood, lymph, and much with extractives, were 
removed this process. The finely divided tissue was 
oughly extracted for from forty-eight seventy-two hours large 
excess lime-water, renewed occasionally, for 
complete removal residual simple and also mucoid and 
After the alkali had been thoroughly 
washing water, the minced substance water, with 
repeated renewals, until only traces dissolved proteid 
could detected the washings. The tissue was then boiled 
ten per cent acetic acid for few hours, treated with five per cent 
hydrochloric acid room temperature for similar period, again 
extracted hot acetic acid and cold acid, finally 
washed free acid water, and then kept boiling and 


will remembered that lime-water and very weak 
fluids of approximate] he same strength have repeatediv used for extrac 
purposes the past because they manifest destruct iction com] 

roteids and albuminoids room temperature 

The ordinary hashing machine can very advantageously used for this pur 
not only divides the tissue but also tends loosen the fibres 
the particles, and thus greatly favors 
Previous observers make mention the use special 
some the preceding work the ligament was merely cut into small pieces with 
knife. 

Our results with the simple proteids ligament (page suggest that 
preparation of elastin due re vy ird must be paid to the fact that the fresh ligam 
contains least per cent soluble and coagulable proteid. certainly can 
not matter remove all this from the meshwork, particular 
after the tissue has been boiled in water, and possibly some of the variations 
the figures reported for the composition elastin and the nature its 
position products may due such impurity not completely climinated 
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ether until dehydration was complete, and all 
substance had been removed 

The elastin particles prepared this way were soft and porous 


and could easily ground mortar cream-colored, very light 
Under the microscope the particles were seen consist 
uniformly typical elastic fibres. extraneous matter was held 
the meshes these. 

order study the effect the above modified method prep 


aration, well obtain further information the composition 


elastin, made several elastin both the Chittenden 
and Hart method and our own and subjected the products com 
parative analysis. The analytic methods employed were the same 


those recently detail paper from this laboratory 


Elementary composition Preparation No. Preparations were 


made the Chittenden and Hart process follows: Finely minced 


tissue (100 grams) was boiled water until practically nothing more 


dissolved.4 This process required about ten changes ot ] lire ol 
water and total seventy-five hours for completion 


stance was next warmed litre ten per cent acetic acid for one 
and one-half hours water bath. was the same 
hours longer room temperature and then boiled for 
hours directly over flame. The acid was then thoroughly washed 
out and the substance kept five per cent hydrochloric 


eighteen hours room temperature. the mineral had 


been thoroughly removed the treatment the acids, with 


ate washing, was repeated. Finally, dehydration and removal fat 


and extractive matter were effected boiling alcohol-ether the 


usual manner. ‘The analytic results follow: 

gm. per cent and 7.28 per cent 
lpstance vave ( () nd if ) 1.56 { t 

who ntly had not succeeded completely 
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cent and 7.26 per cent 0.2603 gm. substance gave 0.5159 gm. 


CO, and 0.1703 gm. 54.05 per and 7.27 per 
0.2591 gm. substance gave 0.5118 gm. CO, and 0.1681 gm. 53.8 
per cent and 7.21 per cent 

Nitrogen. 0.2909 gm. substance gave gm. 16.12 per cent 


om. 16.01 per cent 


Sulphur. 1.2540 gm. substance 0.0153 gm. BaSO, 0.17 per cent 
0.9790 gm. substance gave gm. BaSO, 0.20 per cent 
substance gave gm. BaSO, 0.25 per cent 


gm. substance gave 0.0038 gm. Ash per cent Ash 


0.3424 gm. substance gave gm. per cent Ash. 


PERCENTAGE COMPOSITION OF THE SUBSTANCE 


Preparation No. 


Carbon and Hydrogen. 0.2572 gm. gave gm. 


i 


0.1702 gm. 53.73 per cent and 7.35 per cent 0.3730 gm. 


substance gave 0.7383 
and 7.17 per cent 0.4186 gm. substance gave gm. 
7.22 per cent 0.4614 gm. substance gave gm. and 0.296 
gm. per cent and 7.15 per cent 
Nitrogen. 0.4863 gm. substance gave 16.67 


gm. substance gave gm. 16.62 per cent 


gm. CO, and gm. per cen 


gm. substance gave 0.0426 gm. 16.88 per cent 

Sulphur. gm. substance gave gm. 0.22 per cent 
0.7942 gm. substance gave 0.0112 gm. per cent 

Ash. 0.5009 gm. substance gave gm. Ash 0.60 per cent Ash; 
0.5304 gm. substance gave 0.0031 gm. Ash per cent Ash. 


PERCENTAGE COMPOSITION OF THE ASH-FREE SUBSTANCE 
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with water. The rest the process 


boiling water, etc 


was the 


same time, order, and character that for preparations 1-4. 


Carbon and gm. substance gave gm. CO. and 
0.1648 gm. 53.69 per cent and 7.48 per cent 0.2627 
substance gave 0.5142 gm. CO, and 0.1776 gm. H.O 53.38 per cent 
and 7.51 per cent gm. substance gave gm. CO, and 
gm. 53.27 per cent and 7.09 per cent 

0.3735 gm. substance gave 16.59 per cent 
0.2420 substance gave gm. 16.51 per cent 
gm. substance gave 0.0417 gm. 16.69 per cent 

Sulphur. gm. substance gave gm. BaSO, 0.16 per 
0.5907 gm. substance gave 0.0075 gm. 0.17 per cent 

Ash. 0.3943 gm. substance gave Ash per cent 
0.3907 gm. substance gave 0.0036 gm. Ash per cent Ash 

PERCENTAGE THE ASH-FREE 
Avera 

Preparation No. 

Carbon and gm. substance gave 0.6550 gm. CO, and 
gm. 54.38 per cent and per cent 0.2539 
substance gave 0.5036 gm. CO, and 0.1654 gm. 54.09 per cent 
and 7.24 per cent 0.3343 gm. substance gave 0.6662 gm. 
0.2202 H.O 54.35 per cent and 7.32 per cent 

Nitrogen. 0.4117 gm. substance gave gm. 17.02 per cent 
0.2905 gm. substance gave 0.0510 gm. N 17.15 per cent I 2797 


gm. substance gave 0.0478 gm. 17.08 per cent 
gm. substance gave 0.0128 gm. BaSO, 
1.1255 gm. substance gave o.o121 gm. BaSO, 0.15 per cent 
gm. substance gave gm. Ash 0.08 per 


per cent 


Ash 


1.0230 gm. substance gave gm. Ash per cent Ash. 


PERCENTAGE COMPOSITION OF THE ASH-FREE SUBSTANCE 
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Preparation No. 
Carbon and Hydrogen. gm. substance 


-1685 gm. H.O §4-04 per cen ( and 7.25 per 


n. Substance So um. | SU), ts 
} 


(> 
Preparation No. 
Carbon and gm. substance gave CO) 
gm. 53-43 per cent and 7.25 per cent 
Nitrogen. gm. substance gave 536 gm. 16.90 per cent 


2m. substance gave 431 gm. N IO. 4 


Sulphur. 8235 gm. substance gave 0.0087 gm. 
A 
( 53 } 


The results for elementary composition our eight preparations 


are brought together the appended general summary. grea 
differences the average composition the preparations each 


group are found. fact the general analytic harmony very 


striking and rather unexpected. The significant feature seen 
the figures for sulphur. The quantity slight throughout, with 
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preparations 


GENERAI 


the content sulphur preparations 


SUMMARY OF ELEMENTARY 


CHITTENDEN and THlart 54.08 

and 54.14 
Aorta elastin 

SCHWARZ- 54.34 


BERGH 


already been noted. 


5 


699 lf 

7.20 
7.08 16.75 
15.2 


with related results for average elementary 


Reactions. have little add this connection what 


regularly lower than that 


The following summary affords ready comparison this connection 


5 030 1.57 

21.52 
) OSS 1.4] 


+ 


have found, however, that elastin not 


resistant acids and alkalies generally considered 


When the original tissue very finely and thoroughly divided with 
meat chopper, was the case for the first time our experiments, 


the particles undergo some solution the acids used 


The purified substance 


even cold 0.2 per cent hydrochloric acid 


dissolves very quickly and completely 
hydroxide 


results 


long 
per 
that 


the 


lightly soluble 


standing and 


potassium 


the state 


division the tissue preparation elastin greatly influences 


solubility and thereby also 


See references 


SCHWARZ 


believe that the agree 


ment composition between the two groups our products was 


Made the method CHITTEN Made the method RICHARDS 
ments ay 
l 2 \y 5 6 7 S A\ 
‘ $4.38 54.15 34.67 54.52 54.43 5300) 34.32 §4.47 54.14 | 54 
Ss 0.21 0.2] O16 24 0.2] O16 O14 O14 O14 
q 
| 21.56 | 21:01 | 21.11 | 21.39 21.78 | 21.335 | 21.45 | 21.71 21.52 | 21.44 
Ligament elastin H N 
ischritt fur phvsiologische Chemic, t8q4, xviii. p. 487. 


Mucoid, and Other 


} } ? les 7 
The acids used tor extractive 
extraneous matter. 
Sulphur content. will recalled that 
alkall lor several hours was a part « I the |} CSS 
the resultant substance varied somewhat 
1 ¢ ) 
first, as we have already pointed out, to cali atte 
bility that sulphur really integral part 
bDOMING With aiKall the constituent sulphur rer 
the use of alkali Chittenden and Har prepared cia 
sulphur amounti per cent said 
“Whether pure elastin does contain sulphur 
cent present preparation (made their own 
stituent some adhering proteid, removable 
present pre] ired but deem probabie that 
} en 1] nh 
aina Mall OF SU ul 
Zoja and have recently confirmed the 
result. Iately tound about the same al 
elastin from the aorta, but states that ail was ret 
WILD I per Cent pot Ssilum C ai tha 1) 
was identical with the original 
much 0.55 per cent sulphur aorta clasti 
oid extraction 
results for sulphur content all our 
on page 106 
tC Will De Seen That the averace suliphnur®r 
rations made according the older method 


the elastin made our own process, fron 


excluded the presence mucoid and coagul 


0.05 per cent favor the 


though is, fairly constant 


a 


sively that sulphur, minute quantity leas 


pure ligament elastin 


results 
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Schwarz, will remembered, found that afte aorta 
elastin with boiling one per cent potassiu 1 Ter 
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all the sulphur (0.38 per cent) was split off form which could 


precipitated lead sulphide, leaving sulphur-free, insoluble 
elastin having all the properties the original 
ment elastin seems substance. decomposing 
samples our eight preparations one per cent potassium hydroxide 
Schwarz did, sulphur the form sulphide could detected 


Elastin made b 


and 


made the 
CHITTENDEN and HaAkt method 


Number 
ot | r p ot | re p 
aration 


General average 


preparation was slight amount. The ash 


per cent the proteid each group preparations. This was doubt- 

less derived great part from the organic sulphur during incinerat 
preparation was not completely analyzed, and therefore was 


not included the series under elementary composition, page 


per cent ash. 


any them, even when the volume alkaline fluid was 


used for the test. sample the elastin prepared Eustis, 
the older method, however, which did not include preliminary treat 
ment with lime-water for removal mucoids, gave decided 
sulphide reaction under similar circumstances. Our preparations com- 
pletely dissolved the warm alkali. 

These facts indicate that the small amount sulphur contained 


A AVCTAage Average. 
minations minations 
0.16 
0.20 0.21 
0.13 
- 
0.20 02] 7 
O.15 
- 
0.17 O16 
- 
ae 0.22 0.24 
0.16 
0.17 
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Kelastin. Mucord. and ( Wher Pr kela 77 


i 


ina form combination not convertible int 


pure elastin 
sulphide treatment with boilin 
Distribution nitrogen. The nitrogen the proteids appears 


exist various amino forms, none being nitro nitroso 


combination. Some easily split off the torm ammonia 
acid and alkali. Usually, however, the largest quantity 
obtainable decomposition the form monamido acids and con 


siderable proportion frequently separable diamido 


attempts ascertain the distribution nitrogen 
molecule were made until very recent 
stated his belief that all proteids would yield hexone bases decom 
position attempted isolate lysin and arginin from 
the cleavage products obtained from elastins the cervical ligament 
and the aorta. attempts resulted 

essentially the same methods came the same negative 
would imply that elastin does not contain protamin radicle. 

Kossel and however, improved method, 
quently isolated arginin from among the decomposition 


ligament elastin and thus directly contradicted the conclusions 


Bergh and Hedin. The quantity arginin isolated them was 
unusually small much less than that for most the other proteids 
Not long ago these same were able separate and 


lysin also among the bases obtainable from clastin. 
The lack agreement between Bergh and the one side 


and Schwarz and Kossel and Kutscher the other led the study 


made under Chittenden’s direction, the proportion 


basic nitrogen split off from elastin decomposition 


chloric acid and stannous chloride. Following the method adopted 


studied some the decomposition products from dit 
standpoint: Jahresbericht der 1885, xv, 


aorta elastin 


foc. cil. 


Zeitschrift fur physiologische Chemie, xxii, 176 
BERGH: Loc. 
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and 
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and numerous other investigators, Eustis, five 


ments the same preparation elastin, obtained the following 
divergent results for percentage nitrogen the form organi 
bases: 


2 } 5 


17.69 6.50 15.14 


These discordant data, while they indicated that elastin does yield 
hexone bases, led the conclusion that the method then use for 
the separation the hexone bases phosphotungstic acid and 
determination the nitrogen therein, was unreliable for quantitative 
purposes. 

The divergence the results obtained Eustis made seem 
desirable for this work repeat his experiments, with elastin 
made the method preparation used and also with products 
purified our own method. 

The preparations used for this particular purpose were Nos. 
and (See page method cleavage was the same 
that used Eustis. Decomposition took place (in the presence 
one gram stannous chloride) per cent hydrochloric acid 
quantity equal c.c. per gram substance The mixture 
was boiled each time reflux condenser for ninety-six hours. 
Separation tin, precipitation with acid 
other steps quantitative determination were the same 
those taken this connection Schulze. The substance which 
remained the acid mixture insoluble residue, very slight 
quantity possibly contained mere trace nitrogen. 


similar decomposition preparation No. the method Kossel 


addition study Schulze’s procedure, also made 


and 100 grams substance was boiled solution 
300 grams pure concentrated sulphuric acid 600 grams 
for fourteen hours reflux condenser. Further details the 
were the same those the experiments Kossel and 


the following table give the essential data obtained both 


methods, the figures expressing averages closely agreeing results: 


SCHULZE: Zeitschrift fur physiologische Chemie, xxiv, 276. 


authors show that this method 


gives more abundant yield ol 


; 
7 
7 
| 
hexone bases than any othet 
, 


will noted although there 


1 


centage figures, there yet striking agreeme 


latter fact true even two methods 


different quantities elastin were taken for 
ations. noticed also that the 
greatest for preparation No. determined 
Kutscher method, result harmony with 
servers that their process furnishes the most 
hexone bases. The uniformity our results 
the disagreement those obtained 
Although the strictest quantitative acct 
for the methods employed,' does 
from our results this connection that 
ciable amount nitrogen which proper decompo 
identified nitrogen the form hexone 
addition the above results somewhat 
hexone bases were obtained with preparation 
tion the Kossel and Kutscher method 
afford the direct comparison made with 
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and Kutscher histon, salmin, zein and gelatin, among othe: 
the appended summary 


Ammo- 
Dla 


1.380 0.027 


Zein... L410 3.760 13.430 OSIO 1.820 0 560 


n (thymus) 25.170 S O40 7.460 1.210 14.360 7.700 1.660 


litticulty as vertenced in our attempts to sep 


our tigures for nitrogen lysin were 6.65 per cent 


total We do not include them in the above table, because 


small quantity hexone radicles. Our results indicate that histidin 


well the lysin and arginin found Kossel and Kutscher may 
split off from this albuminoid appropriate treatment. 

found that various proteids they are commonly prepared, contain 
fatty fatty acid radicles. did not examine elastin this con- 


nection. have done so, with entirely negative result. 


Samples preparations Nos. and were used for the purpose 
The amounts substance taken were 5.6747 and 
anhydrous ether extractor, only 0.0015 gm. extractive 
substance (dried vacuo) could obtained from No. 


0.0013 gm. from No. After digesting each preparation 


Their work elastin this connection was only 
isolated and identitied. 208. 
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Substance. 

tia Lidilh. 

gelatin 

their accuracy microscopic appearance the dichloride and 

arginin nitrate prepared was typical. The quantities obtained were too 

Sight for satistactory analysis. 

* Approximate value 
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Elastin, and Other 


hydrochloric acid, continuation meth 

done Nerking his work, and then thoroughly extract 
mixture the customary manner with ether, only 
em. ether-soluble matter was obtained from No. only 
em. from the double extraction process only 
ether-soluble matter (0.056 per cent) was obtained 
55 only 0.0020 gm. (0.03 per cent) trom No. 6 Lhese amou 
too minute, however, mean anything ire, 
the limits unavoidable errors extractive work pep 
the digestive process conti ined 0.5 ether 
matter, which should subtracted from the above totals 
case. most the merest trace soluble matter could 


either the preparations. 


pared the method employed does not contain fat 


Thus it is certain that ela: 


either ordinary molecular com 


experiments have nothing do, course, with the que 
radicles contained the proteid molecule 


Digestibility. 
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pletely dissolved, twenty-four hours, mixtures 300 


0.2 


scal 


per cent hydrochloric acid and gm. commercial 


(very 


} 


) kep 


combining with the acid was manifested 


case with other proteoses and peptones.” 


Cum 
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the end 


hours only the merest turbidity remained the fluid, 


only very slight amount antialbumid had tormed. 


elastin peptone could not detected among the produ 


and trypsin proteolysis, even though 
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favorable conditions for several was absent also from 
the products formed hydration their elastin with very dilute 
acid. Although they were unable detect peptone 
proteolytic products elastin, Chittenden and Hart seem have 
assumed its probable formation under favorable conditions, however, 
for toward the end their paper they say: the conditions 
our experiments, appreciable amount true peptone was formed 
any the digestions; least, nothing approaching 
reactions was found any the digestive fluids, after satu- 
ration with ammonium sulphate. propose, later, attempt 
study the elastin peptone, using for this purpose the elastoses just 
described well elastin itself, and more vigorous digestive fluids 
peptic and tryptic.”! Chittenden and Hart found that 
baczewski’s was deutero-clastose and 
that his the same 

After our digestive mixtures had been duly extracted with ether, 
accordance with the original aim the experiments 
preceding, allowed proteolysis continue for about six weeks. 
was added the acid mixture occasionally prevent bac- 
terial changes. the end that period the elastose precipitate 
obtained saturating the boiling neutral fluid with ammonium sul 
phate was surprisingly large. The filtrate was also made alternately 
acid and alkaline and thoroughly boiled each time while saturated 
precipitates were obtained this Ammonium sulphate was 
removed from the filtrate with alcohol and barium carbonate the 
customary manner. The final filtrate gave strong biuret reaction 
with amount cupric sulphate and potassium 
hydroxide. The amount peptone precipitable absolute alcohol 
was comparatively slight, although more than could have arisen, 
directly auto-digestion, from the pepsin preparation used 
the outset. 

special experiment this connection gms. preparation 
No. were digested ina solution goo c.c. 0.4 per cent hydro 
chloric acid and gms, the very active commercial pepsin used 
was added the mixture although 


the acid would have prevented bacterial action. Complete solution 
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seventeen days large proportion elastose was sepat 
ration of the neutral, acid and alkaline Ha with ammonitl tpl ite 
Separated quantitatively absolute alcohol containing ether the 
free substance recovered elastose (album 
were absent this stage the digestion) was 7.4 
that least 0.7 gm. the original elastin had been transformed int 
The final ammonium sulphate filtrate gave strong biuret 
reaction when large excess potassium hydroxide 
the fluid. Some the peptone contributing this biuret reaction 
must, however, have arisen from the pepsin 

These experiments show that are 
they demonstrate that small proportion true 
from them during prolonged periods favora tact with 

saturation with ontained both primary and 
secondary clastoses. It retained the Olor of t orl ciastin 
Judging from the reactions solutions the 
amount proto-elastose was relatively Such solutions, whe 
concentrated, became heavily turbid warmin Horbacz 
and subsequently Chittenden and ity 
decided even when tubes the clear concentrated were 
immersed water held under the ton such turbid 
heavy precipitates with small quantities 
acid, acid, potassio-mercuric and other 
tants, but such precipitates were only soluble 
warming. When these re ents were added to SOLULLON 
however, the precipitates which were once 
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cooling, just the case other pro 


i 


warming 


teoses. Addition excess concentrated sodium hydroxide the 
concentrated proteose solution was followed heavy precipitation 
some the proteid, the precipitate persisting even when the solu- 
tion was 

reactions appear have been due proto-elastose 
which seems peculiar member the proteose family. 

pressed calories, varies from about 5,000 6,000 small calories 
gram substance. Proteids such peptone and osseomucoid, with 
comparatively small content carbon, have the lowest combustion 
equivalents, whereas bodies like hamoglobin, with relatively large 
proportion carbon, have the very highest. The heat combustion 
any albuminous substance depends largely the amounts and 
combinations carbon and oxygen contained The figures 
composition elastin suggest that its heat combustion rela 
tively great. 

The only previous observations elastin made this connection 
were those published Stohmann and ‘These observers 
worked with elastin made method. The combus 
tion equivalent was determined the improved Berthelot method 
and averaged 5,961.3 small calories per gram ash-free substance 


the highest equivalent for animal 


Last June, while enjoying the freedom Professor 
laboratory, made thermochemical study some our 
wish here express our thanks Professor Atwater for his help 
and encouragement this work and acknowledge, also, our in- 
debtedness his assistants, Messrs. Swett and 
for experimental aid. 


The following table summarizes our results for the preparation 


ligament elastin made Mr. Eustis the Chittenden and Hart 
process, for one made the same method (No. 2), and 


two preparations made our own method (Nos. and 6); also 


includes the results obtained Stohmann and Langbein: 


STOHMANN and Loc. 
The apparatus used an I method emy loy were tl ime as those previou 


described Vhis journal: Quantities 0.7 eram were burt 
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Although few indefinite statements regarding mucoid 


> ste 


ment! were made shortly after Rollett’s detection this substance 


among the proteids tendon, attempts separate and identify 


such substance elastic tissue were recorded before this work was 


begun. seems that its presence had been inferred, not ‘shown 


Vandegrift and Gies have lately found that the quantity mucoid 
the ligamentum the averages 0.525 per cent the 


fresh and 1.237 per cent the dry The quantity mucoid 
ligament considerably less than 
mucoid preparations were made the method used Chit 


tenden and Quantities ligament hash varying from three 


nine kilos were employed Much the mucoid was lost 


mechanically the purification Special care was taken 
reprecipitate from solution potassium hydroxide (0.05 per cent) 
half-saturated lime-water several times; also, wash thoroughly and 


dehydrate and purify boiling alcohol-ether. 


have not made extended analytic study ligament mucoid, 


but the following facts show its near relationship the other 


physical appearance the purified product practically the same 
tendomucoid osseomucoid, although the latter substances can 
dehydrated more easily. gives the proteid color reactions very 
distinctly. yields reducing substance and 
decomposition with two per cent hydrochloric acid. The reducin 
substance forms dextrosazone-like crystals with phenylhydrazine, 
fact indicating the presence glucosamine among the hydration 
products. Among the other products resulting from its hydration 
dilute acid are antialbumid-like body, acid albuminate, proteoses 
and peptone. digestible acid and. leaves 
residue containing considerable reducing substance. Its 


may obtained both sulphate 


Lehrbuch der physiologischen Chemie, 1868, 363. 
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ever, that experiments recently completed this laboratory indicate 
that there more than one mucoid tendon and bone, some the 
glucoproteid separable from these tissues having much fourteen 
fifteen per cent nitrogen. are inclined believe, from the 
above results, that the same deduction regarding variability general 
composition may made with respect mucoid substance 
ment possible, course, that our preparations have been 
contaminated somewhat with coagulable proteid other impurity 
failed remove. the same time used every precaution 
prevent admixture. 


PROTEIDS. 


The simple proteids the connective tissues have received very 
little attention. Those who have worked with the albuminoid con 
stituents have usually confined their studies those particular sub 
stances, and the various papers the mucoids have made only 
incidental reference the albumins and globulins. 

were surprised the outset these studies the compara- 
tively large amount coagulable proteid present 
two preliminary quantitative determinations with the ligamentum 
the found that the coagulable proteid was equal 
average 0.64 per cent the fresh The quantities 
proteid tendon and cartilage, found, were much 
less, and, moreover, were very difficult separate and determine 


Additional results are given and Lac. 
Using the methods emploved with ligament (to be described on page 119) 
found that aqueous extracts the tendo Achillis the contained only 


Coagulabdte proteras one separated at 54 5 correspondl 
i pe / 


ligament: the other 73° apparently the same ligament. 


tendomucoid, referred what called serum globulin and proteid coagulating 


took special pains, however, remove the blood completely 


making the extraction Zeitschrift fur physiologische Chemie, 
X, 43. footnote. 


hyaline cartilage. the few experiments tried, gave negative 


boiling, the extracts became did not form, eyen 
with fairly strong and chondroitin sulphuric acid 
present, of course. Phese bodies doubtless interfered with coagulation of such 
albumin on elobulin as may have been contained. VON VIERING obtained merely 
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order determine, possi 


simple proteids present ligament made use various common 


methods, among them the process 
this purpose several extracts were made and 
per cent solution magnesium sulphate was used generally the 
latter type 
the preparation these extracts only such 

seemed free from blood all parts tissue was freed 
extraneous matter and first cut Into narrow vhich were kept 
running water for from twelve twenty-four treatment 
removed blood and lymph. strips were then run through meat 


chopper and the finely minced substance treated with enough 


tive fluid just cover the end from twelve twenty-four 


hours, after repeated stirring, the fluid was strain 


extract obtained this way was free from 


hemoglobin, examination with the spectroscope 
result implying also the absence not all, 


tion weakly alkaline heating, the solutions 
very turbid and after addition trace acid, separation 


water-clear fluid took place. extracts contained such 


matter solution was found previously ligament 


determining the temperatures coagulation the apparatus 
recommended Gamgee! and commonly used such work was 


employed, and 20-40 the extract, made very faintly acid with 


acetic acid, was taken for each series tempera 
ture was raised very gradually, and soon turbidity ens the 


the solution kept that temperature, raised 


flame was removed and 
very slowly until the precipitate became flocculent. this point the 
temperature was kept constant for from 
then the solution filtered. filtrates cach case were 
water. Upon raising the temperature beyond the 
maximal point the fluid remained clear until had reached 
ature several degrees higher, when suddenly the: 
Working this way obtained separations 


temperatures 
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All these were obtained from each the above types extracts 
(1), (4), and (5) were comparatively slight amount. 

The question naturally arose whether the precipitates separating 
the above temperatures represented individual proteids 
tissue. Direct elementary chemical analysis would not have sufficed 
answer this question definitely, for only very minor 


composition exist among the albumins and would 
study the decomposition products these coagula have atforded 
any more definite conclusions. (See pages 126 and 127.) 

have sought the solution the problem fractional separa 
tion experiments the methods repeatedly used Hofmeister, 


Kauder, and others, particularly for the differentiation albumins and 


globulins. Our results this connection, extracts made the 


method previously detailed, are briefly summarized below 


When the aqueous solutions were with 
fairly heavy precipitate was obtained, which consisted 


whole for the most part globulin, albumin being precipitated 


this proportion (see page 124). solution 


this precipitate bodies (1), (2), and (4) the 

the aqueous solution this same bodies 
(3), and were thrown down heating. (1) and 
vere Comparativery heavy. the others were sigat. Wedd With) an ¢ 
volume water, this solution precipitate gave bodies (1). 


from precipitate was with 
The substance thrown out solution this way was dissolved 


and the solution heated. It gave prec Ipitates (2) and (5). 


extracts treated with substance. 


When the extracts were saturated with heavy pre- 


The extremes represent the limits our observations. the 


eparations occurred about the mean temperature, with comparatively long 
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Richards and Witham Gies. 


solved water and treated with very slight amount dilute acetic 
precipitate corresponding separation No. the coagulation 


formed result this treatment. same was filtered off and 


filtrate carefully This neutral filtrate was used 


and 


(¢) Neutral filtrate obtained Volume 
salt 

precipitate. 
Precip. gms. turbidity; gms flocculent 
pre¢ ipitate. 

precipitate. 
final precipitate. 

Coagulations: Solution Precip. (2) 


Solution of Ip Il. 68 -69 C. (3 


Solution of Prec Ip. IV. 


If this method gives evidence of the presence ot distinct pre yds in 


solution, various observers believe, seem have dealt thi 


stance with least two substances. 
Neutral filtrate obtained previously used Vol 
4 
saturated solution was used.! 


urated solution turbidity 
standing, flocks separate. 


solution (NH,).SO, precipitate. 


solution 

Precip. IV. original filtrate saturated 

solution 


precipitate. 


this series addition solution was made cautiously until tur 


off and the total volume made the original amount with appropriate qua 


intervals between initial turbidities were quite marked, though than 


the experiments under and 
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extractable from ligament solution wate one which 

100 c.c. extract, from dilute saline solution trace 

about (1), larger amount acid room temperature 
second substance, presumably was precipitated 


(3). This substance, apparently, may also 


aqueous solution the precipitate obtained 


aqueous extract with the 


on half-saturation§ of 


addition ot > 4 


tion quantity for the same also obtained 
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apparently another substance, separating about 


(2) and precipitable from solution water gms. 
100 proteid solution; also from gms. MgSQ, 
saturation equivalent for the same volume proteid pre 

100 proteid extract. From its coagulation temperature 
would seem comparable fibrinogen.! 

The two other proteids the extracts and coagulated 
about (4) and (1) they occurred only 
very small amounts. They correspond the albumins 


these five products the one separating the lowest temperature 


> 

not coagulum. (See page 125). The proteid which 
about also peculiar. begins separate from its sol 


100 its own, and not completely precipitated till the amount 


admixed saturated solution reaches 150 per 


proteid According the generally accepted observatio 


= 


Kauder, and others the proteids serum, globulins 

solution 100 proteid fluid, whereas the precipitation 

i¢ 


albumins does not begin more than 128 c.c. have been add 
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substance, respect its behavior toward ammonium sulphate 
partakes, therefore, the characteristics both and albu 


The fractional precipitation and coagulation methods are not 


sufficient definiteness result for contend that the precipi 


tates have obtained are not mixtures albumins and 


Compare with the albumins studied 


also HAMMAR 


solution was completely res 


presence 53.67 per cent KAUDER’S results for the same 
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ever, prevent erroneous 


We believe that the substance separath 


all of the precedin ulation experiments 


nucleoproteid. the substance was dire 


temperature, not 


the various extrac reat 
acetic acid and then allowed stand over 

the higher bodies previously obtained separat 


was 
further evidenced the fact that 
sodium carbonate, from which solution was 
slight excess dilute acid 

When 100 c.c. the aqueous extract 
treated with 0.5 per cent acetic acid 
cipitate was obtained which dissolved easily 


precipitate was not coagulable 


after fusion with alkali gave good phosphate 
soiution., urtber, after a very large quanti 


of the tissue had been evaporated to a small 
and the heavy precipit ite of coagulated protel 
filtrate gave abundant precipitate 


drops of 
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medium. substance contained phosphorus organi 
combination. 


Various proteids are precipitable from their solutions acidifica 


tion. Those special interest for this connection are gluco- 


proteids, nucleoproteids and globulins. When carefully tested 
its solubility dilute acid the substance obtained these experi 
ments was found precipitated moderate excess 0.2 per 


i 


cent acetic hydrochloric acid. Serum globulin fibrinogen 


may precipitated from their solutions minute quantities acids 


They are readily soluble, however, moderate excess the acids just 
mentioned the proportion which was favorable the precipita 
tion the substance above. The same would true small quan 
tities albuminate. Furthermore, has already been pointed out, 
our acid precipitate, unlike the other bodies just mentioned, contains 
phosphorus and was non-coagulable. 


Connective tissue mucoid has much the same characteristics 


this substance. Mucoid, however, phosphorus-free glucoproteid, 


and boiling with acids yields reducing substances. When our 


acid-precipitated product was boiled for several hours with per cent 
hydrochloric acid, the fluid neutralized, and tested with 


solution, only trace reduction occurred. substance could 


not, therefore, mucoid, although the slight reduction suggests that 
trace mucoid might have been admixed with 

special preparation this acid precipitate was made follows: 
the method given page 119, and was added c.c. 


cent acetic acid per 100 extract. The flocculent precipitate 


which formed standing was dissolved 0.3 per cent solution 
sodium carbonate. This fluid was neutralized and then acetic acid 
acid was required per c.c. fluid effect the total 
acidity which would have dissolved globulins 


itate was again dissolved and was reprecipitated the same manner, 
after which was washed free acid and dehydrated, and purified 
usual alcohol and ether. 4.5 gms. (0.056 per cent the fresh 
tissue) were obtained. 


Aqueous extracts the tissue are reality extracts dilute saline solution, 


the salts the tissue contributing their solvent somewhat 


ich however, the reducing substance was derived 


from the nucicoproterd 
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are for most impurity, 


Analysis this product gave the following results for percentage 
phosphorus the ash-free substance: (1) (2) 
average, 0.47. 
These figures for phosphorus content are somewhat lower than 


suggested, may have partially accounted for this lowering phos- 


phorus content. 


S 


the substance was not cell nucleo-albun 
the results the following experiment: .\bout gms. the sub 
stance was decomposed with acid the usual way and test 


for nuclein bases among the leavage products, with 


silver solution” gave the typical brown pre 
cipitate. precipitate formed, cooling, the solution this 


however, and rendering slightly alkaline with ammonia, xanthin 


quantity practically equal the original precipitate was obtaine 


itate gave positive for xanthin. 

That the substance nucleoproteid, least contains large 
proportion this compound albuminous substance, feel confident. 
Although are not accustomed associate nucleoproteids with any 
but glandular tissues, the fact remains that nucleoproteids are 
found every cell, and therefore must exist every 
has lately found that 0.37 per cent fresh muscle com 
parable tissue this connection consists 


taining 0.7 per cent phosphorus. 
COLLAGEN (GELATIN 
All forms connective tissues contain collaginous fibres. 


first demonstrated the presence collagen ligamentum 


1 


obtaining gelatin from the quantity was 


total quantity This was d ( 1 t 1 Ik t | 
sh amounted to 0.75 and per cel Ve 5 ( ! 
stance was used in each of t ( ( | 
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accurately determined and was found 7.23 per cent the fres 
and 17.04 per cent the dry tissue equal, roughly, 
the amount contained 

presence much elastin ligament makes impractical 


separate the collagen such, the and Kuhne process 


digestion with trypsin alkaline order obtain 
idea its character, however, transformed into gelatin and then 
separated and studied the 

Preparation ligament gelatin. After the cleaned ligament had 
been put through meat chopper the hash was thoroughly washed 
running water and later thoroughly extracted 
the alkali had been completely 
water, the residual tissue was boiled for short time distilled 


water. The filtrate was concentrated somewhat the water bath 


and then the gelatin precipitated from pouring into 
excess alcohol. The typical fibrous precipitate 
obtained this This was redissolved water and reprecipi 


tated alcohol several times, then dehydrated and completely puri 


fied 


Elementary composition. following data were obtained 


mentary analysis one preparation the methods previously used 


this connection for elastin. 


Carbon and 
per cent 0.3773 gm. substance gave 0.6860 gm. and 0.2250 
H.O 19-59 per cent (* and 6.63 per cent HH: 0.3681 gm. substane 


gm. per cent and 6.62 


SU Ds tance 


substance 


Substance 


substi 


und Jahresbericht der Thier-Chemie, 281 
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.2746 gm. substance gave gm. Ash per cent Ash. 
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F 
following summary percentage clementary composition 


shows the relation ligament gelatin bone and tendon gelatin 


and purified commercial gelatin, the latter consisting mixture 


gelatins from bone and other connective tissues 


Recent studies the composition connective tissues indicate 


that there are perhaps three groups collagens. These appear 


characterized appreciable differences elementary composi 


tion. Thus the collagens and bone" gelatins con 


taining approximately per cent Corneal collagen 


contains about per cent nitrogen. Cartilage collagen yields 
containing little more than per cent 
D > ~ 

results this connection indicate that the collagen ligamentum 
essentially the same that tendon and bone. 

Heat combustion. two determinations the heat com- 

bustion ligament gelatin obtained average small 
> 


> 


calories (5261, the combustion figures 


accord very well with those previously obtained other observer 


for different gelatins, will seen from the following summary, 


was not subtracted trom the above heures much Of It t 


incineration. 


CHITTENDEN 
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VAN NAME: 
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which gives also the combustion equivalents two proteids having 


equivalents among the very lowest for albuminous 


Heat combustion. 
Small calories 


Substance. 
Dried 


Per 


Fish 5242 
Commercial gelatin * 3270 


ANDRE: Centraiblatt fur Physiolog 


ATWATER: the Storrs (Conn.) Agricultural Station, 


p. 92. 
und LANGBEIN: 


xlili, 375. 
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our first report this called attention the fact that 
ligament contains appreciable quantity crystalline extractives 
The only crystalline substance whose identity had definitely deter- 
mined that time was creatin, although the general method 
detecting nuclein bases had shown the presence one more 
these bodies also. continuation this work has given more 


definite results. 


Preparation extract. containing the crystalline 


substances was obtained the following manner: 


The extract was strained through cloth, then heated boiling, 
acid was added completely separate coagulable 


1 


substance 
containing | 
em. carbon 


LOSOO 


Journal 


and 


Lov. 


‘arbon 


50.10 


4S.04 


1890, iv, 


Percentage composition 


Oxygen 


Chemie, neue 


pounds 
ligamenta which were perfectly fresh and which 
mere traces blood them, were finely minced meat-chopper. 
The hash was extracted moderate amountof water for 


| 
| 
24.33 
25.54 
| 
~ 
a 


4 


— 


was present was shown the fact that the this point 
was entirely white. 

The slightly acid filtrate was then neutralized and evaporated 
water bath thin syrup. concentrated extract had all the 
physical properties ordinary meat contained traces 
proteid (derived gelatin and albuminate but reducing 
substance could detected Chloride and phosphate sodium 
and calcium were present comparative was 
also detected. 

Creatin. The concentrated extract was 
volumes water and treated with lead acetate for the removal 
organic radicles. The excess lead was precipitated with hydrogen 
sulphide and the filtrate evaporated thin syrup the water bath. 
standing thirty-six hours, typical crystals creatin formed 
good quantity. filtering and evaporating greater concen- 
tration occasionally new but smaller crop crystals was obtained 
each time. 

The fluid concentrated this way was treated with moderate 
cess per cent alcohol and the solid matter tested, together with 
the separated crystals, for The crystals and the pre 
cipitate were readily soluble water. hydration with acid 
the usual way, the fluid gave the typical crystals creatinin zinc 
chloride with alcoholic solution zine chloride, and also responded 
reaction. 

Hypoxanthin. alcoholic filtrate from the precipitated 
was next evaporated nearly dryness get rid alcohol, little 
water added, the fluid made alkaline, filtered, and then treated with 
appropriate quantity silver The resultant 
heavy brown precipitate nuclein bases, decomposition with hot 
nitric acid 1.1 gravity, gave yellowish filtrate, which, 
cooling, deposited large proportion crystalline substance, 


needles hypoxanthin silver nitrate. The mixture was allowed 


slight amount mucoid always contained the aqueous extract liga 
ment. The salts present in the extract exert solvent action on it 

one sample our have assumed that these were 
by hydration in the process ot heating to boiling and subsequ nt <¢y ora 
Some creatinin was also detected several times probably arose tron 


creatin hydration 
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stand for twenty-four hours for complete precipitation the crysta 
line matter. 

The filtrate from the crystals still contained nuclein base (doubtles 
xanthin, which may have been formed from the hypoxanthin), 
shown the brown precipitate which appeared small quantity 
when the fluid was again rendered slightly alkaline. 

The crystalline precipitate containing hypoxanthin 
was decomposed warm mixture water and ammonium sulphide 
the water bath, the mixture filtered hot, concentrated 
bath, there saturated with ammonia and filtered com 
paratively large amount hypoxanthin could detected 
filtrate. 

Guanin. The substance insoluble the ammoniacal 
beautiful crystals These were obtained 
method solution alkali, and treatment with alcohol and 
acid. The crystals were large and they very closely resembled those 
creatinin zine chloride. 

The bulk the extractives consisted creatin, hypo- 
xanthin and were unable prove the presence adenin 
and carnin, although occasionally obtained results the cus 
tomary qualitative methods indicating the presence these sub 
stances. tests were made for other 

interesting note this connection that guanin has been 
found occur the ligaments pigs with guanin 

The amount nuclein bases found these extracts was too great 
allow the assumption that they were derived from the 
quantity blood and lymph remaining the tissue when the 
ation was begun. Normal blood contains only traces 


bases 


and the tissue itself contained the outset only traces 
blood. tissues, such muscle, which contain relatively few 
nuclei, nuclein bases are found the uncombined state, and this 
condition undoubtedly represent late stages the 
nuclear proteids. data show similar catabolism ligament, 
thus leading conclusion which would hardly suggested 


the passive mechanical the tissue —a_ conclusion 


obtained essentially the same results those above continuance 
work tendon extract already referred BUERGER and Loc. 


HAMMARSTEN: Lehrbuch der physiologischen Chemie, 
4 


Kosset: Zeitschrift fur physiologis he Chemie, 1882-83. vil. p. 22. 
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/elastin, VMucord. Other Protez US 222 I INL 
which harmonizes, however, with the fact that this tissue contains 


variety substances which represent intermediate stages chemical 


SUMMARY CONCLUSIONS 


improved method preparation several samples ligament 
elastin were made, having the following average percentage com 


position 


All these preparations contained sulphur. could 
split off sulphide boiling with caustic 

very small proportions elastin nitrogen could split off 
the form ammonia and hexone bases decomposition with acid. 
Arginin, lysin, and histidin have been identified among 
bodies separated this Way. 

proc ess. 

purified powdered elastin readily digested 
chloric and true peptone were formed, proto-clastose 
predominating The amount true peptone formed was 
comparatively small even after long periods favorable contact 
the elastin and elastoses with the enzyme acid solution, showing 
that elastoses are particularly resistant progressive zymolysis. 

The average combustion equivalent four preparations clastin, 
determinations duplicate, was 5925 small calories. 

Ligament contains mucoid having the general qualities other 
connective tissue glucoproteids. Analysis five preparations gave 


the average percentage results 


} 


82° Although these figures ind 


te leo 
ate identity 


with some the albuminous substances the blood, the coagulable 


proteids our extracts not appear have arisen wholly from 


contained serum. 


Lol 


Aslight amount nucleoproteid contained ligament and 
was detected aqueous and saline extracts. 
The gelatin obtained from ligament had the following percent 
age composition 


S049 6.71 17.00 24.33 


These results indicate that the collagen ligament 
with that bone and tendon. 

The heat combustion ligament gelatin was found equal 
small calories. 

Among the crystalline extractives obtainable from ligamentum 
were creatin, hypoxanthin, and guanin. 


q 
q 
| 
| 
4 
; 
d 
g 
| 


PHOSPHATE 


chemical study the metabolism one the 


will published clsewhere, but 


phosphoric acid metabolism the patient 


our observations the 


general importance publication 

Except cases advanced hunger where there wasting 
away bone tissue, seems regarded tact that the 


phosphoric acid through the kidneys without any 


The 


significance whatever regards the body 


phosphoric acid contents the food and the equally variations 


the extent which the different phosphorie 


acid values involved the building the breaking down even 
are 


considerable amounts tissue other than bone 
food 


when compared with the above phosphoric acid values 


that only means very prolonged and carefully executed 


experiments, because some quite unusual conditions, that 


possible get any certain information the 
acid metabolism involved the living 


The subject these investigations was diagnosticated 


following summary his description the 


condition alternated with absolute regularity from day day, 


being one day removed from the normal. while quite 


about eighty papers various phases the question phosphoric acid 
further review here the literature bearing this subject seen 


metabolism. 


therefore unnecessary. 


j 
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two states presented the following the 
days the patient was often restless, walking aimlessly about with 


talking the manner described below. about him 


aimless way or took off his clothes, ete. His talk indicated that his ability to 


guide voluntarily his train thought was much different 


thoughts uttered were but superficially connected, his talk was 


deflected external happenings (great when 


voluble repeated the same question many times senseless mannet 


made remarks which were superficially suggested but which intern 

connection with what was spoken what the circumstances 
sequently when the abnormality was least marked, the main feature was 

certain irrelevancy the patient’s facial expression 
always dull and the mood rather but times irritability 
and striking exhilaration were never bear- 
ings, probably because the good days were constant correctives. but he had no 
clear appreciation things occurrences about him and the good days 
the good days often varied but little from the normal, but appeared some- 
what dull without perfect appreciation his condition and times 


vant remark slight traits the bad 


This condition, which has now lasted uninterruptedly for several 


months, seemed offer unusual opportunity for dis 
cover some alternation the metabolism the patient correspond 
ing the alternation the mental symptoms. 


characteristic alternation the metabolism was deemed 
important, because can scarcely said have yet the proof 
the existence any abnormal which 
characteristically associated with any the mental 

The existence unmistakable periodicity the 
phosphoric acid through the kidneys corresponding the periodicity 
the mental condition this is, think, proved the 


analyses and experiments recorded below. 


PART. 


Preliminary analyses. Owing the difficulty frequently met 
with the the insane, namely, that obtaining all 
urine, our first series experiments (from October October 16, 


1901) very incomplete. day this series was divided into 


Dr. studies and our own general experi 


ments this case will published later elsewhere. 
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ind from P.M. 6.30 the following and the 


i 


each period 
October 14, the former representing day, 
day, are the most completely recorded 


series.! 


630 AM 


2.00 


30.0 


the end the above series experiments the 


given special nurse, and largely due the 
untiring efforts this nurse, Mr. Max that have 


able continue this work uninterruptedly, and our 


faction for period over three months. 
The second series experiments extending from October 


November 2 is recorded in Table II. The following 


methods have been 


I Throughout this paper the two sets of davs of the patient are referred’ te 
the “cvood ” davs and the * nervous days dit will be note that in a 
month the * wood ” days come ¢ the « 1 dates an he ** nerve da ‘ 
even dates or vice versa Thus through October the good davs come o ‘ 


dates, while through November and December they come on the even date 
day corresponding any given date counted trom 6.30 the morning 


the tollowing morning 


till ¢ 


analytical 
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termined titration with solutions which 
standardized against solution pure crystallized mono-potassium 
latter salt was prepared from pure phosphoric acid 
and potassium hydrate was 
and the sulphates were 
barium-sulphate. (See the following paper, page 


Pow 


Time. 


M.-2.00 P.M 
M.-9.CO 


M.-6.30 A.M 


6.30 A. M.-2.00 P.M. 
2.00 


9.00 BP. M.-6.30 A.M. 


6.30 A. M.-2.00 P.M. 
2.00 


9.00 P.M.-6.30 A.M. 


Totals 


6.30 A. M.=2.00 P.M. 
2.00 


CA 1.0 (im (am (am 
2 2008. 160 27.0 2.45 042 0.65 17.1 26.5 O16 
4 
‘ 
t 


6 30 A. M.-2.00 P 


25 2.00 


YOO RP. M-6.30 4 


630 


2004 QOOR M 


630 


630 \.M 


2001. M 


YOO 


Oct. 28 6304. M.-2.001 


2S 200 M.-9.00 1 


28 VOOR M.-6.30 4 


29 | VOOR 
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Vol Spoor SO) 
Da (am (5) (at 
sO) 
620 22.0 443 OSS 1.37 12.7 
q ete - > 22 
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Time. 


6.30 
2.00 


9.00 P.M.-6.30 AM. 
Totals 


6.30 A. M.-2.00 P 
2 P. M.—9.00 P. 


9.00 P. M.-6.30 A, 
Totals 


6.30 
2.00 


9.00 
Totals 


6.30 
2.00 P. M.-9.00 P. 


9.00 Pp. M.-6.30 A. 


Some error has evidently crept into the analyses this day, probably into the 


sulphate analyses, since the ratio much lower and the rat 


tio 
much higher than on any previous corresponding day. This error was not dis 
¢ 


covered until was too late repeat the analyses. 


Table explains day’s urine has before been divided 
into three parts, and part analyzed The fourth set 
figures for each day gives the total average the three periods. 


(concluded). 
Vol. | Sp. er. N.. |P.0.. SO 
Cc. 1.0 (im Gam. Gm 
P.O. SO 
Oct. 30 450 23.0 1.23 O67 O.6S OS.5 
340 260 OYUS 1.12 223 255 
Oct. 175 290 3.27 O30 y? 19.2 
“ M. S9O 14.0 748 O87 099 | 11G 13.2 S7.S 
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will noted that the absolute amount 

this period not greater but may even 
nervous than the adjacent good 
phosphate climinated any given hours would 
vary greatly with the amount and character the food caten 
the diet list kept our own nitrogen 
sulphate determination almost 


took more food his good relative amount 


part 


100 parts however invariabl 


\ 


dl (Vs. 

Phosphate metabolism patient and control person. 
through the kidneys during the thirteen days 


obtained considered rigidly proving have here 


> 


abnormal phosphate metabolism. The changes the ratios 
sumption nitrogenous material the good days. 

only way get approximate control the figures obtained 
from individual living mixed and irregular dict would 
have one more normal persons living under the 
and eating the same use more than one person 
case was, however, out the question, because the great 
amount analytical work involved.! 

Mr. Huwyler, the nurse, undertook our request serve 
rol person, six program was out, 
always sitting the same table with the patient and cating 
nearly possible the same kind and amount food. the 
end the sixth day the patient took such hearty meal that 
and the nurse were somewhat upset during the night 
experiment was 

Phe analytical results obtained from this experiment are recorded 
Table odd dates are the patient’s nervous The 
relative phosphoric acid values expressed the column 100 
are certainly unmistakably ditferent the two ratios 
the case the control person are rather high when compared with 


what some investigators have considered normal, ¢., 


1 Besides the determination 
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TABLE 


Volume. Sp. Gr. Gm. 


6.30 P.M. 18.0 


9.00 A.M. 20.0 


Totals 


2.00 


9.00 PL M.-6.30 A.M 


‘Totals 


6.30 
2.00 


9.00 P.M.-6.30 A.M. 


‘Totals 


6.30 A. M.-2.00 P.M 


2.00 M.-9.00 P.M. 


9.00 A.M. 
Totals 


6.30 
2.00 


9.00 A.M. 
‘Totals 


6.30 1.M.-2.00 P.M. 


900 P.M.-6.30 A.M. 5 25.0 


Totals 


3 

375 275 25.0 35.0 6.07 
950 17.0 34.5 9.06 937 

570 280 15.0 36.0 6.17 

| 

1300 1350 15.59 16.78 

| 

| 
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Patient. Control. Patient. Control Patient.) Contre Patient. Contr 
O64 1.21 OS4 17.6 218 124.0 
1.S3 1.52 1.29 134 32.8 23.2 23.1 20.5 141s 
1.23 2.04 1.00 1.66 134 217 17.7 123.0 123.0 
2.70 3.67 3.22 133 210 839 1211 
O7S 1.14 204 l47 14.6 132.2 1402 
14] 1.25 1.15 1.38 00 1220) HG 
3.76 3.23 224 208 17.8 1282 1160 
2.44 3.14 150 189 17.0 | 186 88 2 102.0 
OOS OSY O73 16 16] 204 1343 WO 
1.25 10] OSS 100 2? IS.] 205 | Iso 147.0 
O56 OSS O.S5 OO) 126 19] ISS O54 
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per 100 will seen, however, that while the absolute valu 
vary considerably from day day both patient and 


son, the relative values the case the latter are fairly constant, 


varying from 22.6 while the corresponding values the case 
the patient vary from 13.3 26, and show again 
odicity pronounced the periodicity the condition 


phate values obtained with reference the total 
control figures are here not particularly uniform, probably account 
the varying proportions sulphur the variations 
the control (from 102 121) are, however, again entirely 
from the alternating valucs shown the (from 

striking feature the above table the 
the 100 ratio the afternoon periods above that 
morning periods the nervous days against the corresponding 
values the good days against the values 
control investigators have reached 
clusions regard the question whether there normally 
tive increase the climination phosphates the afternoon 
that the However this may be, the interesting fact 
that only the nervous days that the increase 
over, the change the mental condition the patient the nervous 
days not the early morning but begins quite suddenly 
about ten cleven and from that time continues unabated, 
and sometimes with increasing intensity, until evening. 

Uniform diet. The results shown Table taken together with 
the results Tables and would seem leave very little room 
for doubt that the peculiar periodicity the phosphate metabolism 
the patient must due some peculiar condition patient 
and not the character the food eaten. prove conclusively that 
may seem somewhat lacking variety, but the patient could not 
depended upon take any solid food except bread and butter after 
breakfast his nervous days and had select diet that suited 
his needs, and that could duplicated with some accuracy from day 
day, any future time. 


preponderance evidence seems, however, show that there more 
found the fact that nucleins which are rich phosphoric acid are much mor 


difficultly digestible than the other proteids. 
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175 


22.9 1167 


180 200 


1380 


1110 


1040 


1150 


the market 


whet 


(with shells) 335 
Kresh milk 
Patter 

~ 
Water (D | | 

\ 
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| 1 these experiments the specific gravity has been taken byt { 
oO! ary clinical url neters \ later examinats we howeve 
j of four urinometers on ha Was approximate iccurate 
lext ooks usual State that urimometers s be tested vo immersin them in 
distilled water li they show the ti ravityv of t water to be ].000 the il 


These food products were all obtained from the hospital store room 
and were weighed out the laboratory the morning each day 
They have also been analyzed but since the uniformity 
the food the only point which has any bearing the subject 
this paper the analytical data may omitted here. 

this series experiments each 24-hour quantity 
collected ther. The nitrogen and times the phosphates 
were also determined, but they have direct bearing 
the subject this paper they are omitted. 

The results the experiments IV) show conclusively that 
the periodicity the and SO,: ratios due 


sulphate climination the good The nitrogen and 
climination fact remarkably constant, shown both 
absolute amounts eliminated and the uniformity the 


The alternation the phosphate climination the 


hand pronounced ever. 


DISCUSSION RESULTS. 


Having thus proven the existence this 
the phosphoric acid metabolism the patient the question presen 
itself what the explanation may be. 

thought that the periodicity might possibly due 
stomach, and that this excess acid acting the less 
inorganic phosphates the food might cause 
tion and subsequent phosphoric acid the nervou 
this were the case should expect that the addition 


hydrochloric acid the food the good days the addition 


alkali the food the nervous days should change the pho 
phate climination make the nitrogen-phosphate ratios 
sulphate-phosphate ratios more nearly alike the two sets day 
the end the last series experiments 26) 


accordingly together with his food tenth 


normal hydrochloric acid and the nervous day (Novem 
ber 27) was four sodium result 


t 


obtained from this show that 


= 

Cn 

£ 

q 


Phosphat 


) 
he 


relative amount phosphoric acid climinated not dependent 


changes the acid the stomach. 


addition hydrochloric acid just about the average amount 
obtained the preceding days trom ime 


with this increase find, however, corresponding rea 

the elimination nftrogen and sulphuric acid, thus 


nervous days the uniform series can consider the 
vdrochloric acid hypothesis 


I 


amount phosphate climinated this day rather increased 
than 

would have the inerganic phosphates. absorp 


obtained from the addition acid and sodium carbon 


Phe absolute as well as the relative amount of Pate 


> 
100 N. * 
Vo N 0) so) 
will seen that the amount phosphoric acid 
ate the food seemed indicate that the bsorbed 
| 


148 Otto and Philip Shaffer. 


are therefore inclined think that this case least 
inorganic phosphates the food form much smaller proportion 
the absorbed phosphates than 

certainly did not seem all probable that the excess phos- 
phates eliminated the nervous days above that eliminated the 
good days could due periodically inereased disintegration 
bone certain that this was not the case 
percentage alkali phosphates was determined four 
days, November found were 76, 77, 80, 75, 
the order There therefore increase the earthy 
phosphates the nervous days, and any increased disintegration 
bone tissue thereby excluded. 

investigators, especially and Mendel, did 
work which was intended prove that increased elimination 
phosphates, especially increase the relative amount climi 
showed definitely 1881 that such views are untenable, 
arguments have since been quoted almost every succeeding write 
varying ratios for different parts the same day 


increase the nerve metabolism would necessary assum 


1 In this connection we wish to refer to the experiments made by RIESELI 
under direction the the phosphoric acid absorpt 
converting the phosphates the digestive tract into phosphates 
found that adding grams calcium carbonate the food per day 
could reduce the amount phosphate appearing the urine one-half less 
what was eliminated before addins 


us, not show that 


the carbonate experiments, seems 


which the investigators meant show 


] 


grams calcium carbonate with each meal clear that the acidity 


to! | juice ld > 
stomach would more or jess Comp 


} 


letely neutralized and 


digestion would stop moreover the sodium carbonate the chyle 
with the neutral calcium chloride and calcium carbonate mixture Coming trom 
stomach and calcium carbonate and sodium would 
again result neutral solution and the pancreatic digestion also would thus 
probability diminished. That under such circumstances the phosphates 
urine should much diminished self-evident, but seems equally self-evident 
that the nitrogen elimination dimished and and 
investigators who repeated the work had also made some nitrogen determinatio 


seems they must have found that they were simply making partial starvat 
experiments view these considerations (or 


discussion the results obtained seems quite 
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that one quarter the entire brain must times disintegrated 


less than two hours; that these ratios during the 
hours the day are the time required tor 
absorption and climination the nitrogen and the phosphat 


that the differences disappear when twenty-four hour quantities 
urine are taken fer comparison 

arguments, which nothing consequence 
later investigators, however, cannot explain the phosph 


variations recorded this have here 


cidence purely mental disorder abnormal phosphat 

and the conditions are not obscured any otl 
able physical disorder any old question 
changed abnormal nerve metabolism, therefore, 


The nervous system general does contain certain character 
istic phosphorus compounds notable and why should 


I 


these not essential least part pecific meta 


processes the nerve tissues, and why should they not also sub- 


ject noticeable disorders connected one way another with 


some mental not necessary assume that 
creased climination phosphates such cases 


sugar the urine diabetic patients the 


large 


represent corresponding disintegration living 
this case least not all necessary assume that the 


gram phosphoric anhydride which climinated the 


days excess that eliminated the good days 


not increased above that the control Table when several 
consecutive days are taken into consideration, nor 
when compared with the phosphoric acid contents the uniform 
diet November 15-25 have fed other 
shown Table were obtained 


examining the total phosphate, nitrogen, value 


obtained during the period between November November 


(Table tind that 


¢ 
| 
I 
] 1 1 
the first six nervous days the patient 
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through the urine grams and 19.5 


grams and 19.5 grams SO,. The 
days 
grams 


average for 
will seen that these values agree very 
with the 


Table VI). 


values obtained from Mr. 


TABLE VI. 


S00 
1150 
1140 
1SO00 


1830 


Total for days 


clear therefore that the case the patient here investigated 
all others the total phosphoric acid first all 
dependent the amount and kind food digested and absorbed. 
equally clear, however, that the excess three 
phoric anhydride eliminated the six nervous days 
eliminated the six alternating days not dependent the 
phosphates the food. 


explain therefore the peculiar daily variations the 
acid excretion which this case presents venture advance the 
following hypothesis: There exists this patient every second 
day condition somewhat analogous diabetes, virtue which 
the system some part unable assimilate (organize) part 
the phosphate absorbed from the digestive non-assimi 
lated phosphate the same day, and the total amount 


than the amount eliminated normal person absorbing the 


gram 
the six alternating good days the patient eliminated 


— 


7 
Volume Sp. Gr N. P.O. SOs 
17.2 3.92 3.44 22.9 20.0 114 q 
13 18.0 195 3.93 3.67 20.1 107 .4 
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the Chemical Laboratory the McLean Hospital for the 


make total sulphate determinations urine according the 
ordinary gravimetric method tedious operation, and 
the only method which gives reliable results. 


This undoubtedly 
the chief reason why have few complete 


determinations connection with metabolism 
sulphate determinations are, however, exceedingly useful checking 
metabolism experiments similar those recorded the 
ing paper. Errors the work anomalies the excretion are 
almost unfailingly detected comparison the ratios 

The method here described for making such gravimetric 
determinations urine the result considerable and 
will found greatly facilitate the work 


Fifty c.c. urine measured into Erlenmeyer flask 


at 
pacity 200 and after adding pinch, about 0.2 gm., pure 
potassium chlorate and chemically pure 
(sp. 1.20) the mixture gently boiled for from fifteen twenty 
minutes. the end this time the contents the flask should 


almost clear water. the contents are not colorless, 
they have been clear but have begun grow dark again, the flask 
may taken off the fire and few more grains potassium chlorate 
added which will clear the urine that 
chlorate should added the mixture while 
because the contents the flask will then invariably boil over.) 
Twenty-five barium chloride solution (60 
barium chloride the litre) next added, and the mixture kept 
hot, but not boiling, for about forty-five mixture can 
then filtered, and absolutely clear filtrate obtained. (An excel- 
lent filter paper for this work Schleicher and Schull’s black ribbon 
No. §8g, diameter cm.) 


The presence potassium chlorate interferes according 
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senius! with the accurate determination sulphu 
reason that the barium sulphate then carries with oth 
cannot removed washing with hot 
If, however, the barium sulphate precipitat 
hot water, and alternately few times with hot cent 
chloride solution the results obtained will found 
One hundred ammonium chloride solution, 
this washing should continuous for not less than half 
The filter paper and precipitate folded, 
pressed for between another piece 
two three cubic centimetres strong 
filter and The burning alcohol dries the filter 
sputtering, and with scarcely any loss tim the tilt 
seem dry enough for ignition (and 
another cubic centimetre two alcohol 
This will dry the filter thoroughly that wil 
ignited the flame from the alcohol, and continue 
alcohol has disappeared. 
barium sulphate multiply the factor 
tion inconvenient especially when one wishes 
figures notebook. The following simple calculat 
100, and add the quotients 
inspection. For example, suppose that 0.3246 
sulphate 
0.3246 
O S246 GOs? 
direct multiplication the above factor 
Zeitschrift fur analytische Chemie, xix, 
For practical work small crucibles 
half a dozen determinations may d vit t 
precipitate simply brushed out means 
Hefore using t e crucibl gain \fter about ult ca ¢ 
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| he above 


give least accurate results the ordinary Baumann-Salkowski 


method described most text-books physiological chemistry 


The Baumann-Salkowski method open two sources err 


both which are climinated the above first 
place, the barium sulphate precipitate obtained the usual method 
contaminated much organic matter, larg 


from mineral matter means acids clear that the uric acid 


remaining with the barium sulphate will leave certain amount 
ash ignition. The other source error, which Baumann 
Salkowski seems have taken notice, the fact that 


moist barium sulphate cannot washed with because 


well 


first addition this reagent will invariably carry some the 
cipitate through the filter paper. 

may added that the method suggested above for decolorizin 
the urine also applicable when the total sulphates are 
determined The end point the titration thu 
much more readily distinguished, first, because the 
the solution, and secondly, because the barium precipitate settle 
much more rapidly and completely the presence 


chlorin 
formed from the chlorate and The 


method is, however, not accurate the gravimetric method. 


method for determining total sulphates urine should 
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REFERENCES PREVIOUS Wort 


into the physiology muscle the 


thy 
) bid thre 


animal life are meagre compared with those 


brate group. Nevertheless important and conclusive work has 


done numerous representatives the 
instances such researches are those Lucl 
molluscan muscle has studied Coutance 
Pawlow Biedermann von Uexkull 
and Bottazzi (98); Biedermann has experimented 


muscles and Holothuria; and Bottazzi 


records the contractions the tube feet Ast 
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Annelid muscle and nerve have been dealt with physiologists 
various ways. early 1880, Krukenberg studied 
normal movements and extended 
these observations experimentation removal portions 
the nerve cord. 


the same time Biedermann and 
using earthworms, Arenicola and Hirudo, made numer- 
ous observations changes the superficial appearance 
cuticle intact, animals, during stimulation with con- 
stant electric current. Loeb has made study 
functions, and movements due irritation the surface intact 
and decapitated earthworms. 


Later the same year the same line 


experimentation was taken and published upon some length 


Sipunculus nudus have been investigated with constant, induced and 
tetanizing currents von Bottazzi more recently 
studied the same objects, though made special note only spon 
taneous contractions. The only consecutive experiments, carried 
along lines comparable those adopted the present paper, were 
those published Straub and comparison with his results 


will made wherever procedure was sufficiently similar 
rant it. 


MATERIAL AND 


The following record series experiments, the object 


which has been ascertain, methods entirely comparable 


with those used investigating the skeletal muscle vertebrate, 


an- 
nelid, when subjected stimuli different sorts and degrees. 


Such experiments, then, would come under the general 


smooth muscle study, well known, annelid muscle 
differs considerably its histology from ordinary smooth muscle, 
such the muscle the alimentary canal organs 


The form employed the present investigation was the common 


earthworm. convenience manipulation the largest obtainable 


specimens were used, 


For the distribution smooth and striated muscle among the ditferent animal 
phyla, see Quarterly journal science, 
75: and tor article the histology the earthworm, sce 
KREDI Zeitschrift fur wissenschattliche Zoologie, 1869, iv, p. 563 
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such animal, the presence more than one 
latures complicates the experimental results, where 
ascertain the action simple muscle 


each system the portion the worm behind 


the posterior extremity has unitorm relations with 
piece consisting single segment more furnishes 
muscles which work directions rig 


practice ten fifteen segments was found the 


length. stimulation such piece, there would 


traction the circular musculature, tending leng 


and the longitudinal, tending shorten the ple 
with either set, then, necessary 

render its contractions hus, 

the effect contraction the longitudinal muscles 


the worm cylinder should slit lengthwise one 
facts, which will referred later. 
circular muscles treated may practically 
preparation 

connecting such preparation 
ments show tendency break apart 


} 


sons; this can largely avoided 
connecting with the lever ligature 


it. Fine copper wires either end served ele 


methods were identical with those used 


skeletal muscle, that frog, the contractions 


and the lever weighted 
SPONTANEOUS 


more recent 
smooth muscle are: the bladder, Langley and 
Griffiths and Stewart the retractor 
evenly divided opinion the ulti 
activity, whether such movements 
from some nervous centre tissue, 


haracteristic the 
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the case Lumbricus, Friedliinder found that, notwit! 
standing the fact that had removed the nerve-cord from 


ten segments the middle the worm, the parts the worm 
terior and posterior that area did not move separate individuals 
but the impulses were carried across the nerveless portion 

way that coordinated movements still 
this spontaneous movements, however, not very 


apropos the point question than this are the results describe 


Straub who found spontaneous contractions, even 
had removed the nerve-cord from the entire preparation. 

This finding complete variance with what has come into evi 
dence 
work, during which hun 

have seemed show 
that sponta 
neous movements 


not present 


FIGURE ) ‘Tracing show spontaneous move 


: ments in fresh preparation, which contained parts Straub removed the coi 
nm muscle from same animal as in the nerve ane : 
needles and forceps, 
cord rem Compound appearing 
after arrival partial fatigue Same muscle this fact may 
in tracing (a lime intervals, 4 seconds one to the cause oft difference 


periments connected with this research, save the spon 
taneous contractions following, the cord was remove 
cutting out completely the tissues the mid-ventral with 
scissors. Thus there would chance any part the 
cord, the central ends large nerves issuing from being lett 
the numerous cases where even very little the 
cord remained, spontaneity was evident, but never when the cutting 
was carcfully spontaneity might have been inhibited 
control preparations, before being used, were 


the shock cutting 
left moist chambers for hour after the operation, but 
also automatic contractions appeared. the other hand, and 
along the side, dorsal surface, the cord thus being preserved, show 
spontaneous contractions for considerable shows 


taken from the same animal, illustrating these observations 


Physiological Chara lerislti OF 


Bowditch Woodworth and Stewat 


} 


have called attention very marked 
neous contractions smooth 


muscle. happens ma- 


jority cases also that while 
i nle srnlar rt 

simple irregular rhythmical 

character given the curve 

which recorded when the 

fresh, after partial fatigue 


rhythm 


has been induced, com 
activity the part the muscle may, 
however, assert itself from the beginning, 
sentative instances this nature. 
ing shows difference the 
character the two rhythms: the curves 


] ] 


designated by dots have a rather broken, 


unsteady ascent, but quite 
rapid descent; those marked crosses 
have more symmetrical shape, with 
rounded, instead sharp, apices. These 
two sets contractions have time 
vals which are more less inconstant, 
and fusion the two occasionally resul 


next the last curve the dotted seri 


) 
} 


mation secms have been abolish the 
tne dotted SCTICS typ ] { a turthe 
plex activities the muscle 
simultaneous rhythms. 

above described voluntary contraction 
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within limited period are readily induced return, for 


which the muscle was mechanically stimulated the mere falling 
also, that these movements, performed after the muscle 
its period more energetic activity, have regular, symmetrica 
character not noticed the fresher preparations 
similar the nature spontaneous contractions noted 
Stewart the cat’s bladder, when just excised, and when 
retained for some hours. 

should added that the above tracings were not recorded with 
Pfliiger’s vertical writing lever, but with tangentially 
lever the third class; however, that fact does not interfere with 
their value the connection used. All other figures the paper 
were made with the first 


RESPONSE SINGLE INDUCTION SHOCKS. 


Latent period provoking contraction from this prepara 
tion, there present very appreciable interval after the stimulus 
given, before contraction commences. Straub the 
maximum value the latent period second. Numerous ex- 
periments have seemed point much greater 
although the variation considerable, average period equals 0.024 
seconds. This scarcely more than one-tenth that described 
Stewart for the bladder the cat, and Zilwa 
the retractor penis the dog. 

earthworm muscle, Straub notes great deal difference 
character the curves obtainable, and the same phenomenon has 
distinct forms curve, and combining elements the first 
two, can frequently obtained will, very slight variation 
the stimulus, such effected moving the secondary coil 
induction apparatus one-half centimetre toward away from 
the primary. The direct relation between strength stimulus and 


i 


height contraction which characteristic ordinary skeletal and 


smooth muscle distinguished from also present here, 


but connection with other constant results which 


consideration 
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The three sorts responses referred are illustrated 
Where the different forms curve were obtained with the 
secondary coil distant from the primary 13, 12.5, and centimetres, 
thus avoiding any error which might arise the muscle becoming 
progressively more relaxed, and consequently lifting the 
its own degree contraction differed case 
this record, too, the coils, having been approximated 
described, until the ditference behavior the muscle occurred, 

drawn apart 

this way there 

would seem 

ruled out the 

the 

form the curve 
might due 


some 


esponse to single induction shocks Sect t 
the preparation. 

nn. When s¢ of ing ‘ ra Wai i 
A better example to, and recession from this point wer made witl Ve 
of this difference in position of coil of em. betweer two contr 
me imnte Is Vs ] Si tract 
being at 9 7, and em. res t Lime } 


shown 

the same figure. The difference the coils was two 
centimetres and one The first curve shows immediate 
and almost complete relaxation, after still more rapid contraction 
third contraction, taken with the secondary coil three centi 
metres nearer the primary, almost exact parallel the curves 
figured Stewart for the bladder, differing only 
latter part its relaxation period. seven centimetres 
traction appears showing contraction and 
relaxation; the first rise is, like any very 
rapid; relaxation commences the same rapid rate 


curve taken nine centimetres, but this soon changes 
short 


contraction, that the lever again rises slowly, and tor 


4 
| 
| 
| 
| 
| 
| 
4 


162 Robert Budington. 


distance; these movements are then followed 
long and slow relaxation the case the curve taken 
centimetres. With regard the form the curve resulting from 
stimulation when the secondary was seven centimetres, 
interesting note that exactly similar what 
has been figured the action skeletal muscle 
poisoned with Such form curve, then, not unique 
The different behavior white and red muscles higher forms 
may also recalled here. The curve given annelid muscle 
when stimulated with weak shock has numerous points common 
with that given white muscle: while strong shock provokes 
activity similar that red muscle. 

Straub gives very detailed discussion the cause these 
two sorts contraction, but thinks reason for the phenomena can 
found the condition the muscle respecting fatigue. 
from this theory, finds evidence which would seem indicate that 
the contractions giving tracings with sharp apices and fast relaxation 
curves are characteristic muscle condition regeneration. 
The which fatigue may play this matter can better dis 
cussed the section this paper dealing with fatigue; word, 
however, that factor does not seem 
observation which appears strengthen conclusions 
regenerating muscle noted later paragraph, and that 
preparation from the posterior end the worm is, rule, much 
quicker action than piece from the middle anterior regions. 
The piece from the posterior end is, course, from the area which 
new segments are being formed and consequently muscle from this 
region legitimately comparable with that produced regenerating 
while regenerating muscle may react only the 
manner described Straub, that circumstance would not account 
for the phenomena normal, fully developed than 
from consideration the condition the 
fatigue, incomplete formation, has seemed that one could not 
safely describe curve typical characteristic, unless the 
same time something said with regard the strength stimulus 
employed; and even then, the vary widely with the 
length and thickness the preparation. 

make this point view appear more justifiable, 
advantageous give account one two related experiments, 
which further indicate the necessity for considering the influence 
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stimulus. the course the experiments, the stimulus 
was varied some cases moving the secondary coil 
point minimal shock resulting contraction, toward the primary 
certain constant intervals. other times the secondary was left 
stationary, and the primary current varied rheochord, but the result 
was the same either case. The action the muscle was 
alter the point minimal response reached, the severity the 
shocks inereased, the contractions resulting show gradual 
crease 

height 

few( 4-6) 

which 

time, though the stimulus 

strengthened 


the secondary con- hocks; the first contraction made with the coil 
theless, there appears hand, and muscle allowed relax with 
the height the contrac- 

tion responses. the arrival certain intensity stimulus, 


however, the contractions increase what been 
called beyond which further increase 
obtainable. This result was first figured Fick for skeletal 
muscle. 

are given two curves taken from annelid muscle, showing 
the above described action. Record one taken moving 
which were recorded contractions made response 
double (make plus break) stimulus, while the secondary was moved 
uniform distance nearer the primary each time, between the con 
tractions. the first two three contractions, difference 
the curves prominent until the last three are reached, and 
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the contractions constituting this secondary give the 
sort curves represented the third contraction Fig. 
Tracing was taken with the drum turned hand; the lever was 
here adjusted that rested support when the muscle showed 
complete relaxation, and this support the lever was 
return each time, thus relaxation between each two contrac 
tions. The stimulus was increased, this case, rheochord, the 
secondary coil remaining stationary. 
again character the record, and beyond its height increase 
gotten. 

might contended that the extent contraction the 
muscle, its compactness after vigorous contraction, brought 


Single and summated three curves, taken with the 
obtained with the coil and em. ‘Time intervals, seconds 


Ome half the original size 


about condition from which could not relax readily from 
weak contraction, Fig. added, which the secondary coil was 
cms. from the primary during the first three stimulations. The 
first curve was due two shocks make plus break the second, 
four; the third, six. The last three curves the tracing were 
taken with the secondary and with this 
stronger stimulation obtain curve height equal that gotten 
summation six stimuli lesser intensity but the difference 
relaxation most evident. seems show quite clearly that, 
not much the compactness the muscle resulting from strong 
extensive contraction, but the the stimulus the potent 
influence determining the rate relaxation, and the consequent 
character the muscle curve. 

Approximate times contraction and relaxation for the three forms 
curves noted may tabulated follows, the ratio only being 
preserved and not actual record seconds, since this varies with 
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the height contractions, and this, turn, dependent the 


length the preparation used. 


Lumbricus similar almost every respect the response 
striped and other smooth 
graphic record experiment sum 
first curve the result single stim- 
ulus; this followed contraction, 
provoked double the stimulus 
vals apart, denoted the 
the 
which due double the stim 
ulus the first, shows also 
double the cer 
tain limits, this relation has been 
produce only moderately high 
contraction, repetition the 
stimulus, whether not delayed 
the muscle has partially re- 
laxed from its first ascent, provokes response nearly, quite, 
equal the first This indicated tracing (/) the 
same figure, first still better shown the 
contractions where the second contraction due twice 
the number stimuli the first, and the third three times 
many. Similarly the height the curve, when provoked 
Faradic current, varies with, though not quite 
the length time stimulation. 

When looking for the cause such result, one tempted sus 
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pect that some segments the worm contract response the 
first stimulus, while other parts respond the further shocks, especi 
ally since the former segments are already state contraction 
Such explanation does not appeal very strongly, however, since 
each stimulation the current must pass from one end the prepara 
tion the other. close watch the muscle, also, furnishes 
indication such being the case; but rather indicates that 
contraction the same segments, which responded the first shock 
takes place upon repetition shocks. 

muscle. found that about four stimuli per second are necessary 
fish muscle (Richet, seven the frog’s stomach 
one the cat’s bladder and thirty one hun 
dred the frog’s gastrocnemius muscle (Sanderson, 


INFLUENCE CONSTANT CURRENTS. 


cle Lumbricus responds with contraction both making and 
characteristic smooth muscle gen- 


eral. The constant current also acts 

stimulus during its flow, but, contrary 

the accounts some writers work 
ing other forms muscle, the break 


medium annelid muscle fall the line indicates mal 
rise denotes point breaking the Time marked two seconds 
(4) Another record showing the stimulating effect of a strong constant current wl . 
the original size. q 
effect does not seem seriously lessened the flow; fact 
often exceeds the make contraction even after some considerable 


duration the current. 
Winkler found contraction response break the cur- 
rent the frog’s stomach preparation, while 


d 


experiments with the same muscle show the response the break 
greater than the make the current. Stewart states 
that with the bladder the response the make generally 
much greater extent than that following the furnishes 
illustration what obtains annelid muscle. Record shows 
the make contractions followed the tlow, and the break contrac- 
tions. ‘The relaxation during the tlow observed slower than 
that following the break, while the latter contraction seen 
more extended than the former. The duration the tlow, Wood 
worth and Stewart contend, here also definite factor determin 
ing the reaction the these workers obtain any 
response when the make and break stimulations come close together. 
result has not been obtainable rule the annelid prepara 
tion, but there alwavs response some degree. 


record showing response of carthworm muscle to 


> 
make, flow and break, (¢) the make, diminishing of, increasing of, 


constant strong “Time intervals, seconds. half the 


shows the conduct this muscle when treated with cur 
rents for different lengths time, indicated the four seconds 
time curve; this tracing also serves confirm, striking way, 
opinion that each the three factors’ make, flow, and 
break the current acts stimulus; and also indicates that, 
within limits, the longer the flow the current, the more pronounced 
rent not noticed unless about two seconds elapses between them. 
With longer intervals flow, the break becomes more pro 
nounced, Since the make and break, coming near together, result 
much reduced curve, the idea, for which Woodworth contends, 
that there antagonism between the etfects the make and break 
the constant current, indorsed Such evidence, 
however, can accepted affording but the slightest support 
important principle. 

While the last mentioned tracings furnish good proof the stimu 


lation attending the passage the constant current, given 
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addition more clearly showing this point. The first contraction 
due the making the current this was followed gradual 
turning off the current with rheonome; then the current made 
again and allowed flow indicated, slight contraction following 
the break. relaxation, the current made again, but immedi- 
ately turned off with rheonome, the break effect thus being 
the point marked the current was again gradually turned 
with the rheonome and under the influence sufficient intensity 
current contraction was found impossible turn 
the current slowly that contraction would result. 

The current employed during the preceding experiments was 
nished two small storage cells, together having 
2.5-3.5 


10.— tracing, the first part which shows contractions following 
break the induction the second part indicates the make 
duction followed weak constant current; last curve the traci 
the muscle was allowed relax its natural rate for time, after which weak 
constant current was turned-on. ‘Time intervals, seconds. One third the original 


size. 


Relaxation phenomena. muscular contraction has 
been recorded Langley and Anderson Fletcher 
the retractor the hedgehog Pawlow the abductor mus 
trowski the claw muscles the these results 
followed single repeated stimuli, were obtained stimulation 
nerves. Under the effects the constant current, Luchsinger 
describes relaxation the muscles crabs, 
notes relaxation result using weak currents, and con 
traction the result strong currents smooth 
ler notes relaxation with the constant current, the 
stomach preparation, but Woodworth holds that this due 
merely the make effect, and that the current has influence 
itself. Zilwa shows relaxation tonically contracted 
muscle. Stewart finds such effect the bladder muscle, 
result current stimulation. 
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The Lumbricus muscle seems evidence the 
relaxing, inhibiting intluence the constant current, 
contraction the latter state nearly always follows very stron shock 


1018 one of Numerou tracings taken to 


thi 


verify this conclusion, 


first two contractions are due make 
and break stimuli from induction slow relaxation 


parent. next curves show contractions due shocks exactly 


the same intensity those used provoking the first contract 
but immediately breaking the primary circuit, weak const 
current was turned 

preparation, the resulting relaxation 

being 

complete. the case the third 

curve, the muscle was 

then the weak current turned 

immediate produce distinct 

shoulder the line descent Fully marked this the result 


shown Fig. where very prominent tonically contracted con 
dition the muscle gives wav weak curren 


pended little time, tonic contraction the condition again; and 


this turn becomes inhibited the introduction weak current 


break excites contraction 


seems altogether evident that make and break are 
i] he} mnhnence h 1) +} + 4] 
not unlike their the and aiso tha 


the constant current causes relaxation. 


should added that the exact streneth current havine the 
influence described was not determined, since any figure 
would applicable only the particular case 


would necessarily varied with the length and size general 
piece muscle employed and the different temperament (if such 
term may used) annelids, even the same 


Would Nave to be reckoned with as a determining’ factor 


‘ 
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INFLUENCE TEMPERATURE. 


muscle tone. curve, Fig. 12, showing the change 
tone Lumbricus muscle during rise temperature from 
low degree, possesses features approximately identical with those 
figured described literature for smooth muscle higher forms 
Anearthworm preparation passes through but little change, regularly, 
begins and continues till the neighborhood 
experiments where piece the whole worm was piece 
the longitudinal muscle layer containing the nerve-cord, the presence 
movements from slow, short, contractions, quicker and compara 
tively high ones. This observation agrees with Woodworth’s 
results increase activity muscle under these conditions, 


but differs the fact that, with the stomach preparation, the 
contractions become smaller, instead more extensive. The tem 
perature limits found Woodworth also agree quite closely with 
those governing earthworm muscle; the spontaneity the 
muscle from warm-blooded animals, spontaneous movements persist 

Coincident with this excitation spontaneous activity, about 
loss tone sets in, continuing till 42° reached, when 
the tone improves again; falls rapidly, and the muscle dies. 
Coagulation and heat rigor appear about 
again closely with records experimenters other forms 
smooth muscle. 

worth while notice that, though pieces animal 
which the nerve-cord whole part still present exhibit 
spontaneity not previously shown, increase activity already 
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from 22° to ¢ lime intervals, 2 seconds. One third the original siz 
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progress, yet pieces from which the nerve-cord and tissues 
have been thoroughly removed, spontaneous contractions 


seems more precise test the question automaticity than 


has hitherto been made. Woodworth 


found, the stomach sudden increase temperature itselt 


may excite contractions, which are, therefore, duc, not any 
impulses, but external irritation 

the character the contraction. correiation changes 
the form muscle curves with changes temperature has been 
worked out various preparations vertebrate smooth muscle, but 
very few, any, the invertebrate class. 


which maximum contractions are obtained vary widely, would 
expected, when the different normal temperatures and the very differ- 
ent natural environments the animals, tissues, are recalled. 

The extremes temperature which Lumbricus muscle 
spond stimulation are both within comparatively low temperatures. 
the variations tone the muscle different 


series which will represent accurately the real behavior this 


eth stimulus decides such 


> 


type tissue. the stren 
marked degree the shape the contraction curve, and 


ects difterent 


stimulus has such different eff 
tures, that composite tracings are obtained with the greatest 
culty, and verbal description will more desirable than figure. 
curve slow contraction and relaxation obtainable 
times occupied contraction and relaxation both diminish, 
the period, and the contractions become higher, from 


between the latter temperatures that the most vigor- 


ous contractions are gotten. When reached, the muscle loses 
its irritability very rapidly, and beyond cannot excited 
the strongest induction shocks. low temperature 
nent contrast the results obtained Morgen with the 
cesophagus, which this stage delayed till reached 


and for other preparations irritability retained yet higher 


der physiologischen Institut Halle, 165: 
STEWART and note loss irritabilit out 
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FATIGUE AND DURATION IRRITABILITY. 


and Straub have both made some 
servations fatigue Lumbricus muscle, resulting from repeated 
stimulation; but their accounts are too brief allow much 
discussion comparison, Each, however, noticed that fatigue 
took place early the experiments, when the muscle was made 
contract frequently. the present investigation, has become 
apparent that great deal the working ability the 
preparations obtains, according they are taken from the anterior 
from the posterior re- 
muscle from the 
posterior end shows 


much shorter 


contraction and relaxation than 
one taken from the anteriorend. 

The is, that the 

former preparation stimulated 

fresh contraction often 

Indicates similar relation much shorter interval time 


total number con- 
tractions which the posterior piece capable also less than 
the case the anterior piece; but brief consideration the matter 
furnishes least partial explanation this difference. 

has just been remarked that the posterior end earthworm 
performs quicker movements, and there comes here the possibility 
that the more numerous contractions which the anterior 
capable may due the resuscitation that muscle during its 
longer relaxation periods, and consequently longer 
power very striking correlation between the height 


and vigor contraction, and the nature the preceding con- 


traction brought out results like that reproduced Fig. 
the muscle fatigued rapidly consequence rapid action, 
the partial exhaustion shows itself the longer relaxation periods 


which soon appear. But the outcome these longer intervals 
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Physiological Characteristics Annelid 


that the muscle regains force and therefore the ability make higher 
contractions; roughly, the height the contraction direct pro- 


portion the length the preceding relaxation period. 
The second tracing shows the beneficial result small 


contraction the one following cause the curve 


uncertain, but the same principle involved tracing 


brought out another way. 


taken from single preparation, showing the effects partial fatigue 
the contraction annelid muscle. This record was made 


preparation eighteen segments taken from just back the crop 


region, the apparatus being arranged that the muscle 


lated anew each time soon had become nearly totally relaxed 


14.— Fatigue curve, which are reproduced 
110, 120-126. 


60-64, SO-S4, 106 Time intervals, 


While changes the contraction phase are easily noted, the main 
effect the fatigued condition greatly lengthen the relaxation 


period. ‘The later curves the series show relaxation begin with 


increasing hesitancy, and take place nearly uniform rate from 
the apex the curve the base the moving 
uniform rate, may note the relation between the distance 
over which the drum moved while the muscle was contracting and 
relaxing, and the height the contraction. This relation, 
case the second contraction represented the ratio 7:47; the 


corresponding ratio for the sixtieth contraction 


the one hundred and twentieth, 
second tracing, Fig. 15, inserted further differ 


ences the form contraction curves the muscle becomes 


progressively fatigued. Changes the contraction phases 


ticularly noticeable here. 
Pertaining Straub’s suggestion that the muscle 


sharp apices may due fatigued condition the muscle, 
should said here, that, while preparations 
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relaxation when fresh, often come relax much more quickly afte: 
having made number contractions, and thus give the sharp 
curves, yet the opposite often true also. These facts, togethe: 
with Fig. 14, which representative many tracings 
perfectly fresh preparations, offer convincing evidence, would seem, 
that fatigued condition alone cannot regarded indispensable 
explanation the dimorphic character single contraction 
connection with the study fatigue the annelid muscle, 
has been possible add another instance temporary recovery 
the preparation reversal the 
several 
before The facts noticed 


have been follows: the case 
muscle which has become fatigued 


constant current used stimulus 


short duration, apparent resus- 


pause, mere reversing the 
direction which the current passes 


the form the muscle 


ter was, that different parts the 
curve, second intervals. muscle contracted, some with the 
and other parts reversal the current. This theory 
been upheld, were true, would seem that could 
muscle, which, more than almost any other, closely connected 
with segmented condition the other systems the animal, and 
which consequently has been accustomed contract some parts 
its length while remaining quiescent order make 
way for this difference contracting areas become evident, the 
muscle was clamped the middle, and the ends attached sepa- 
rate recording levers. The result the treatment muscle 
arranged with constant current stimuli, however, merely 
make the theory Engelmann more improbable, for each 


See ENGELMANN MORGEN and STEWART 
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sponded equally well current either direction, 
the same phenomenon apparent has 
shown the same facts hold the bladder muscle the cat. 
clamp described, and stimulated several times with ascending, 
then with descending current, again with ascending, 
on. very short duration, and the record leads 
one question the applicability 
that term the reaction demon- 
strated. (4) the same 
figure shows parallel 
ordinary experiment contraction. 
Both the tracings which reference has 


just been made show rapidity the progress 

stimulation with bricf constant 
would not that the terms fatigue and re- 
covery can strictly applicable, for the reason taken 
vigor one hundred more induction the former, the prepara 
brief constant currents give not more than 
six strong contractions. Were 

theory true, this wide difference would still intervals 
unexplained. ‘That the condition which the 


muscle left after six contractions identi 

cal with its condition after one hundred contractions not 
what would Again, true recovery fatigue, 
without resting period, extremely exceptional, indeed ever 

That change the direction the current docs act astimulus 
explanation for any physiological phenomenon, the action 
gross tissue under consideration found ultimately ascertaining 
the activities its component parts, effect 
brief currents the individual cell cannot postulated, save from 
process inference does not act independently, but 
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boration with those confining all sides. 
however, cannot supposed prevent the protoplasm each 
from undergoing process, which may analogous, least. 
polarization, during the passage constant assume 
that this so, the effect sudden reversal the current would 
considerable, and, may fairly imagine, would act 
stimulus; contraction being the only form activity these cells, 
this change electrical conditions manifests itself that way. 
soon the repolarization the cell accomplished, however, 
repetitions brief currents the same direction would less 
excitatory, and the contractions provoked less strong. Such 
noticed there that after single high contraction, the curves become 
very moderate extent, and not diminish 
Assuming that polarization the cells does come factor 
these phenomena, these weaker contractions are accounted for 
being merely the responses make and break the current. 

That the above paragraphs all accurately describe what takes 
place ina muscle showing these phenomena fatigue 
tation, perhaps improbable; but lieu explanation all, 
they may suggestive. 

The length time during which annelid muscle remains irritable, 
after its excision from the worm, compares favorably with that noted 
for other smooth muscle While for reasons fatigue, 
other causes, becomes unfit for use after half hour experi- 
mentation, when kept temperature the neighborhood 
degrees, piece with nerve cord cut out, ready for use, will respond 
rapidly interrupted induction shocks after period four days. 
Straub notes perfect vitality preparations after 
eight days. has been apparent the course these experi- 
ments interesting connection between the presence the nerve 
cord and the duration life; but the present time data have not 
been collected sufficiently warrant further attention the point. 


SUMMARY CONCLUSIONS. 


Spontaneous movements are present all preparations Lum 
bricus muscle containing the ventral nerve-cord, remnants it, 


See references previously given work SERTOLI, STEWART, 
and ZILWA. 
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but are not seen those where has been thoroughly cut out. 
These movements may appear simple compound rhythms. 

Make and break induction currents produce contractions, which 
vary character according strength stimulus. Response does 
not appear direct proportion strength stimulus. 
refractory period present. 

Repeated stimuli result summated contractions, which, within 
limits, have amplitudes proportion the number 
per second. 

The muscle contracts both make and break the constant 
current. The response the break the current greater, the 
longer the current has been flowing, least, within limits. obtain 
responses make and break separately, least two seconds must 
elapse between them. 

weak constant current produces relaxation muscle already 
state tonic contraction, and hastens relaxation after 
duction shock. Strong constant currents produce state con- 
traction resembling tetanus. antagonism between make and 
break effects the constant current apparent. 

With increasing temperature, Lumbricus 
constancy changes tone below C., and the uniform 
tone occurs between 30° and improvement from 
about when rapid relaxation sets in; this changes final heat 

the case pieces muscle containing the nerve cord, auto 
matic movements appear, during rising temperature, between 
and Loss irritability artificial stimulation takes place 
about 34° C., responses having been obtainable during the pre 
vious Maximum contractions induction currents are given 
about 

Lumbricus muscle fatigues rapidly, when the contraction and 
relaxation periods are short and the action 
more characteristic muscle from the posterior region the 
animal, than that from the anterior. 

The extent any one contraction has very definite dependence 
the extent the preceding contraction, and also the length 
the preceding relaxation period. 

muscle which has been fatigued constant currents short 
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duration, shows marked upon reversal the direction 
which the current applied; and this recovery” confined 
particular part the preparation, ¢., neither anodic 
kathodic regions. 

the muscle under ordinary conditions quite com 
plete, but short persistence. 

While preparation, kept low temperatures, may 
remain irritable for upwards four days, constant 
for fifteen minutes unfits the muscle for further use. 
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STATEMENT 


} 


Part (Yerkes, this experimental study the fun 
tions the sense organs and nervous system Gonionema the 
motor reactions the organism chemical, mechanical, and 
stimuli were considered without special attention the part played 
the central nervous system such reaction present 
primarily concerned with the relation these motor reactions 
Since the name the genus derived from (angle) and (thread, 
tentacle), the proper spelling Gonionema, not Gonionemus, which, accord 


ance with the prevailing custom, was used Part this paper 


it 
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the functioning the central nervous system, and with the bearing 


certain experiments upon problems the functional importanc: 
this system. 

The chief problems the paper may formulated thus: 

the special reactions the tentacles, manubrium, 
depend upon the activity the central nervous system 


relation they stand the central nervous 


Does depend upon the functional activity 
central nervous 

there any evidence the existence special nerve centre 
spontancity and coordination 


Finally, what are the functions the central nervous system 


ANATOMICAL CONDITIONS. 


Since the histological conditions the nervous system Gonio- 
nema have never been investigated, are forced make use 
what known about the structure the nervous system 
which closely resemble Gonionema. the following 
discussion shall have cause refer gross anatomical conditions 
only, the lack definite and detailed knowledge concerning the 
nervous system Gonionema will not seriously affect the interpre- 
tation the experiments under consideration; morcover, there 
every reason suppose that the following description the nervous 
system holds good for Gonionema. 

According the studies the brothers Hertwig (O. und Hert- 
wig, possess double nerve ring the margin 
the swimming bell, and plexus nerve fibres and cells the 
subumbrellar tissue the bell. The dorsal portion the 
ring, lying the exumbrellar side the known the 
upper nerve ring, and the ventral portion, lying the 
side that layer tissue, the lower nerve ring. These rings, 
though united fibres which traverse the differ 
tution, the lower containing larger fibres and more cells 
upper. This double nerve ring constitutes the so-called central 
nervous system the The fibres and cells found 
the subumbrella constitute the peripheral nervous system. 


What meant irritability and spontaneity, and 
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THE REACTIONS CERTAIN ORGANS AND PARTS 
GONIONEMA 
THE CENTRAL NERVOUS SYSTEM 


The reactions the tentacles. The tentacles normal Gon 
nemata react nearly all stimuli contraction which simply 


shortens but some foods and motile touch stimul 


they frequently react twisting into the form corkscrew con 
Nagel has described this the 
may now asked, Are these reactions the tentacles dependent 
upon the central nervous 

This question finds its answer the results experiments upon 


isolated tentacles. Tentacles were cut from the bell about 


metre from their attachment and placed Stender dishes containin 
For few minutes after excision they usually remain 
contracted condition; then expanded and became very act 


with the usual straight contraction. therefore evident 
tentacle contains within itsclf the mechanism necessary for 
reactions, and not dependent upon the functional activity 
entire organism, nor upon the central nervous system for its ability 
execute them. 

Berger (:00, 13) states that the excised tentacles 
Charybd exhibit both “squirming” simple contrac- 
tions. Parker 112) finds that the tentacles Metridium, 
after being cut off continue make movements appropriate 
carrying food the mouth. The tentacles 
according Nagel 525), exhibit both twisting 
contractions. He, however, states that the ral contraction and 
the twisting reaction are not given excised 

The one point agreement the results study the 
excised tentacles Gonionema with those Nagel for Carmarina 


~ 


dass abgeschnittene Tentakeln oder Theile von solchen wohl noch die lokal 


traction (in freilich undeutlicher nie aber das rasche 

und die spiralige Krummung zeigen. dem Zustandekommen 
bedarf es offenbar eines durch eine sensibl Erreg ng aus ost ruc 
Impulses, dessen funktionelles Centrum Nerveringe hen (Na 


525). 
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that the excised tentacle does not respond motile touch with 


corkscrew reaction, whereas the normal tentacle frequently But 


not feel justified these experiments drawing the conclusi 


that this reaction dependent upon the central 


for the stimulus difficult application the isolated 
and not improbable that the failure the organ react 
due the weakness the stimulus. 


animals reacts food bending toward it, moving the lips, and 


making what appear attempts reach the cas 
strong stimulation any part the bell the manubrium point 
toward the irritated region. Local stimulation the organ 
causes bend toward the side irritated, unless contraction 
bell Are these activities controlled the central nervou 
system 

the manubrium cut away from its attachment the umbrella 
and the isolated organ pinned its base the wax-covered bottom 
dish, will after few minutes respond stimuli apparently 
the same way when connection with the functioning nervou 
system. There some evidence that the excised organ responds 
more slowly than the normal, but data not suffice for 
statement concerning this point. 

far have been able determine, all the reactions the 
contraction and expansion the mouth, 
ments, and the various phases the food-taking can 
executed the organ when separated from the central nervous 
system. 

experiments Gonionema have led conclusions 
margin the bell does not affect, the smallest the 
the manubrium, either the naked- covered-eyed and 
that even after complete severance the organ from the body 


continues its actions. Nagel 520) obtained practically 


same results with Carmarina hastata. 

Whereas Romanes emphasizes the fact that the reactions the 
mutilated animal are the those the normal animal, can 
only say that they are for there abundant evidence 
important differences reaction-times, and the sensitiveness 
normal and mutilated that are justified conclud 
ing from these experiments, therefore, that the central nervous 
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system not essential for the execution the actions Gonionema 
cannot say that the actions are executed rapidly and 
accurately when the nervous system 
say they are the can say they are 
The reactions the bell. most important reactions 

bell are the general contraction, which causes locomotion, and local 

sense organs and nerve ring have been cut away reacts the 
kind stimulus single contraction, rare cases two 


three contractions; never contracts margin 
less bell able execute local contractions much 
normal 

the rhythmic action have found, would 


stimuli which 


course conceivable that the reaction 
sense organs the margin and tentacles rather than upon the 
ring, but have been unab 
settle the matter. the following sections attempt will 
show the probable relation rhythmic action the nervous 


THE CENTRAL NERVOUS SYSTEM 


mean its susceptibility the influence changes occurring about 

Now, the various parts Gonionema differ widely 
The tentacles, for example, are extremely sensitive; the 
surface and the jelly the bell are insensitive. significant 


those tissues which give evidence sensitiveness neither 


continuation this study the physiology the nervou ste 
Gonionema, propose make quantitative determinations the 
normal and mutilated animals, and the reaction-times organs when 
tion with the central nervous system and when separated from 
now indicates that from this kind physiological work 
organisms 


7 
7 
upon the central nervous system, 
least upon the structures contained the margin 
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nor muscle cells have 
physiology, however, does not permit conclude from this that 
irritability property peculiar nervous and muscular tissu 
but only that the chief special characteristic the 
and important, though secondary, characteristic the latter, 
may therefore suppose that case the exumbrella Gonionema 
the sensitiveness slight that motor reaction 
produced stimuli, or, the tissues being non-contractile, there can 
exumbrella does not transmit impulses, neither 
under these conditions ordinary tests would disclose irritability 

Furthermore, groups cells, perhaps individual cells 
the same tissue and cell group, possess any instant different 
degrees sensitiveness, and this presumably because slight 
ences their approach state perfect equilibration. Certain 
cells, for because more abundant nutriment, may 
much more disturbed than are others which possess less 
nutrition, 

The general sensitiveness Gonionema with the state 
animal and with external conditions. Hungry animals are much 
more sensitive foods and react more quickly than well-fed 
individuals. The continued action strong stimuli, such acids, 
certain salts, electricity, and heat or cold soon decreases sensitivenes: 
Experiments proved that acidulation the water which Gonio- 
nemata were swimming caused gradual loss sensitiveness 
chemicals, but even after animal had become entirely insensitive 
chemicals would sometimes react strong mechanical stimuli. 

order ascertain the effect solutions KCI upon the sensi- 
tiveness and the rate the rhythmic contractions intact Gonio- 
nemata and upon fractions the animal, series experiments was 
made. solution KCI (7) acts stimulus for Gonionema and 
causes contractions the bell. The experiments were planned 
determine (1) whether the rate the rhythm the bell decreases 
increases during the first four minutes the action the 
(2) whether the rate the same for pieces the animal 
for the whole, and (3) whether the rate changes more rapidly for 
pieces than for the whole. 

Four animals were taken, Nos. and (see table) being about 
mm. diameter, Nos. and about animals were 
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tractions the bell counted case each animal, for the first, 
second, third, and fourth minutes after immersion. the end 
the four minutes the animals were returned pure sea-water and 
left for half hour that they might recover from the 
prolonged activity. The individuals were then, turn, divided into 
halves vertical cut through the middle the bell; one 
halves was left the sea-water, the other was placed the 
solution, and its rate contraction determined, had been done 
the whole animal. This having been accomplished, the remain 
ing the water was again halved and the rate the rhythm for 
quarter the animal determined the remain- 
quarter was halved order that the same observations might 
made with the bell. Each the pieces used contained 
least one radial canal; the halves contained two. 

The results given the table show: (1) that the whole animal 
has more rapid rhythm than any fraction it; (2) that the 
the piece the slower the rhythm; (3) that the rate contraction 
for the whole animal and for the pieces gradually decreases during 
the time observation; (4) that this decrease more rapid for 
part than for the whole, and more rapid for the 
the larger. 

Mutilation Gonionema causes obvious sensitive 
ness, but the results just presented show that fractions 
animal are not able react rapidly can the time 
excised tentacles appear rendered more sensitive being cut 
off; this irritability, however, soon lost. 

Krom the above considerations clearly impossible regard 
irritability function the central nervous 

Normal Gonionemata make rhythmic move 
ments the bell when there evident stimulus 
such actions that the term spontaneous reactions are 
the result changes which operate stimuli, but certain cases 
these changes are exclusively internal and cannot detected 
experimenter, they may external changes such nature 
unobservable ordinary methods. Whenever can 
cover environmental cause for reaction, say spontaneous. 
Unmutilated Gonionemata exhibit spontaneity: What individuals 
which lack the central nervous have shown 


that removal the entire margin the bell completely destroy 
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TABLE SHOWING NUMBER CONTRACTIONS PER MINUTE WHOLE 


ANI 


Animal. Minute. Whole 
Animal. 


(Quarter. 


Numbe r l 


Number 


Number 3 


Number 


q 
q 


Averages for the 
four animals 


General averages 


spontaneous movements. The margin itself after the operation con- 
tinues move rhythmically intervals for hours; shows both 
and sensitiveness stimuli, but the marginless bell 
usually contracts only response some strong stimulus, and then 
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only irregularly and few times, never rhythmically 
that the activity Gonionema depen 
the nerve ring upon the sense organs the 
Romanes 27) authority for the 
naked-eyed Excision the extreme mat 


nectocalyx causes immediate, total, and permanent paralysis 


entire adds (p. 28): From this experiment, therefor 
conclude that the margin all the 
which have yet had the opportunity examinin 


1) 


there situated intensely localized system centres 


taneity, having for one its functio 
impulses, which the contractions the nectocalyx, 
circumstances, are exclusively 

These statements Romanes are not true for Goni 
paralysis neither total nor permanent. 


11 


marginless bells contract when 
repeatedly these experiments mechanical chemical 
such bells has resulted one even series 
contractions. 

These facts indicate that the margin (including the 
most sensitive portion the Its removal 
the organism unresponsive intensities stimuli which 
call forth reactions the normal animal 
sensitive to, and capable responding to, strong stimuli; 
sensitive those unobservable stimuli which spontaneous action 
due; hence, margin, spontaneity action. thi 
standpoint the so-called centres are only region 
greater irritability than other portions the 
function irritability. the bell were sensitive the 
changes those the margin, would, after separation from 
the central nervous system, react approximately normal fashion, 
the excised tentacles manubrium. 

Since nerve cells are the most sensitive cells 
until proved that the sensory cells the tentacles mar 
which are direct connection with the nerve ring but are not part 
the central nervous system, not mediate the 
ments Gonionema, cannot call 


central nervous system. 
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383) has discovered that the marginless bell will beat 
writes, upon the various ions (Na, Ca, Mg) exi 


possibility stimulating tissue depends upon its chemical constitu 


tion, well upon the nature the Thus further 
taken toward the explanation activity physical 
terms. obvious, then, that irritability depends upon chemica 
Simply because nerve cells are extremely susceptible chemical 
electro-chemical changes occurring about them they are all important 
the mediation spontaneous actions. 

Centres spontaneity. There one phenomenon 
experiments which may taken evidence the presence 
centres spontancity the margin the When the margin 
excised and its continuity interrupted cut one point, 
tendency assume spiral form, and examination such cases 
usually shows that the spiral consists three four more 
perfect volutions, all which beat the same rhythm 
sufficient quantity destroy the regularity the beats, note- 
worthy that the volutions begin beat independent rhythms. 
From this might argue that there are many centres spon 
tancity the margin there are volutions with independent 


rhythms the excised margin. Conditions point four 
number such centres. 

explanation the spiral form the margin may said that 
the radial-canal regions are the most highly contractile portions 
the bell, proved the fact that when the contractions the 
bell for any reason become irregular the form the con- 
tracted organism always such would result stronger 
contraction the radial canals than elsewhere, hence, 
margin excised its contraction results the formation many 
ring-like portions there are regions especially high contractility. 
Difference contractility accounts for the rings; how are the indi- 
vidual rhythms assumed these rings The only 


suggestion can make that the rhythms are referable centres 


special sensitiveness. Each the regions 
may supposed contain such region, whose function would 
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inequality contraction itself sufficient break the coor 
dination movement and establish many rhythms there are 
regions strong contraction. not wish lay much stress 


this explanation, however, nor the phenomenon ring tormati 
evidence favor centres spontancity. 

far the reactions Gonionema appear 
the irritability and contractility muscular neuro-muscular 
another causes motor reaction, simply because the cell 
either are not sensitive are the fact 


indicate, therefore, that the margin Gonionema contains 


f 


activities the bell. 


COORDINATION AND THE TRANSMISSION IMPULSES 


Normal movements. Gonionema ordinarils 


There visible irregularity the movements, sign con 
traction wave sweeping around the bell; appears all 
the organ entered the contraction phase reaction the same 
instant. 

For the purpose discovering, possible, what 


Structure 


what conditions depends, experiments were 


which animals were cut various ways exposed 
certain chemicals. may consider first the effects operation 
the 

The effects operations. margin was cut 
four equi-distant points, midway between pair radial canal 
The quadrants continued beat coordination, just 


before the ope ration. 


incisions, instead severing the margin only, 
were carried into the bell half way the manubrium, thus dividin 


the animal into four parts, which were connected the apex 


there was little progressive movement. The animals scemed 


Were 


more sensitive than before the operation, but fewer contractions 
given series than usual, ordinarily not more than 
any part the margin one the quadrants caused general 


contraction which all the quadrants participated, all 
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simultaneously. this case the impulse must carried fron 


one quadrant another through the substance the bell, 
that transmission must quite rapid the Touching 
margin, tentacles, subumbrella caused immediate reaction; 
ing the manubrium and exumbrella rarely, and case the latt 
only after several seconds’ operation sometimes 
coordination for few 

3.— The same incisions were extended the bas 
the manubrium, that the quadrants remained connection 
region the apex the bell which was not over four 
diameter. The quadrants now bent toward the mouth ind 
response stimulation any point they contracted 


all appearances there seemed slight 


irregularities, one part responding before the others. The 
fed Evidently the stimulation one quadrant still 
duces simultaneous reaction all because rapid 


transmission. Since the tissue which connects the quadrants consists 


three parts, —the outer, exumbrellar layer, the inner, sub 
umbrellar layer, jelly substance the bell between them, 
may now inquire which, not all, these layers transmits 
nervous muscular impulse. The following experiments furnish 

the radial canal one quadrant was severed and small section 
removed that impulses could pass along that 
was done because seemed not unlikely that the radial-canal 
was the chiefly important transmitting portion the 
the operation persisted, although times the quadrant 
with mutilated canal region reacted somewhat may well 
be, however, that this was due lessening the contractile 
the quadrant, rather than interference with 
quadrants almost always contracted unequally. The reactions were 
slightly slower than case the other experiments, and there was 
considerable evidence that the radial-canal region transmitted im- 
pulses more quickly, perhaps because more directly, 
portions the bell. 

between two radial canals was left attached the remainder the 
organism narrow strip tissue the apex the 
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once, and after delay one half one second the smaller segment 
contracted. Likewise stimulation the smaller segment caused 
react immediately, whereas the larger segment contracted trac 
canal region transmits more rapidly than the 


Since this experiment was destroyed, 
that movements depend upon the continuity and tran 
mitting power the tissues, all probability the muscu 
well the nervous, and not upon the functioning any special 
nerve centres. 

After segment had been cut described the 
preceding experiment, the the strip 
which formed the connecting link between the small and the 


segments was cut, that the exumbrellar and the jelly sub 


stance alone connected the segments. Now the large portion, when 
stimulated, reacted, but the small one did Stimulation 


supplemented observation reactions when the 


tissue and when both the exumbrellar layer and jelly were severed 
instead the subumbrellar such experiments the two 
ments reacted the same stimulus. This proves that 
layers the bell the subumbrellar alone transmits 
the smaller segment animal operated 
Experiment the margin was cut away, and the animal then 
placed KCI The main part the bell beat rhythmi 
cally response the chemical stimulus, but the small ment 


deprived its margin contracted only few times, and then very 
irregularly. 

From the results the foregoing may con 
(1) That dependent upon the ability the 
transmit impulses rapidly, not upon the continuity the nerve ring; 
(2) that transmission the bell most rapid the radial-canal 


regions; (3) that the three layers tissue composing the bell 


the subumbrellar layer alone transmits (4) 
taneity not interfered with operations upon the margin and 
bell, but (5) that removal the margin destroys spontaneous action 
because (6), indicates, the margin contains cell 
which are sensitive stimuli that not act the remainder 


the bell substance. 
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his chapter Romanes 130) remarks that 
since covered-eyed the stimulus wave does not 
faster than the contraction wave, impossible hold that 
ganglionic centres control one another independently the con 
traction wave. Romanes found that the mentioned 
more the lithocysts are either temporarily permanently pre- 
potent over the others they are more sensitive), and that from 
these pre-potent regions start contraction waves, which pass rapidly 
other regions; thus general contraction the bell brought 
about the sweep contraction wave from pre-potent region 
all other parts the bell. 

study the reactions Gonionema furnishes evidence that 
Romanes’ statements are true this form also. There are many 
reasons for believing that the contraction the Gonionema bell, 
really due contraction wave which initiated one, 
sibly few, very sensitive points, and passes rapidly adjacent 
regions that the eye can detect only the general contraction, except 
when fatigue the action some chemical lowers the rate 
movement. this connection the effects chemical stimuli 
coordination and the rate movement the contractile 


nervous impulse are interest. 


” 
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acetic, hydrochloric, sulphuric, nitric acid sea-water, first 


The effects chemicals. Gonionemata put into solutions 
show marked increase the rhythm the bell. But after few 
seconds the beats become irregular, now slow, now fast, 
pass into what comparable with muscular fibrillation. 
condition the whole bell trembles, and there general contrac 
tion. looks multitude regions the margin were con- 
tracting independently one another. times, instead this 
tremor, contraction waves appear. Unless the animal removed 
pure sca-water within few moments after coordination lost, 
becomes completely and permanently paralyzed. But if, after the 
acid has acted for from ten twenty seconds, transferred 
sea-water, irregular, contractions continue for time, 
then give place action. these irregular contrac 
tions first one region then another seen contract. Occasionally 
contraction started one point may seen pass around the 
margin contraction wave. This makes not improbable that 
the normal animal there contraction wave which too rapid 


| 
1 
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pak: 
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perceived such. The acid interferes with cither the rate 


contraction the nerve impulse wave and thus makes visible. 
KOH, far observations go, never destroys coordination 
acids. KCI, the other hand, does. Severe shocks, 
and exposure air frequently cause, for time, irregular beats 
Gonionema differ sensitiveness among themselves any instant, 
and from moment moment. The changes, neural and muscular, 
muscular alone, which result reactions the organism may 
lue (1) local stimulus which initiates contraction wave 
point, (2) general stimulus which acts upon one more 
the most sensitive regions (the pre-potent animal 
partially for example, certain chemicals, 
mission comparatively slow and the progress the contraction 
wave can directly observed. (See Romanes, 
The actions here considered are such involve the 


apparently simultaneous activity number parts, which 
certain circumstances act successively irregular 
connection with the actions the bell Gonionema coordination 


has been used refer the occurrence systole 


diastole all parts the bell; whereas, under certain cond 
will shown later, some regions may systole while 
are diastole. 

Now, every beat the bell involves contraction wave, 
evident that there is, strictly speaking, such thing the simul 
taneous contraction all the contractile units the organ, but 
instead rapid succession contractions. Assuming that the con 
traction the bell results from the successive instead simultancou 
action the units contraction, how can the loss coordination 
explained 

may said that violent stimuli temporarily increase 
number sensitive regions which are sending out nervous mus 
cular impulses any instant, decrease the contractility the 
tissues. the first occurs, instead having one impulse (which 
has arisen pre-potent region) control the contraction 
nating wave, have the phenomena number regions 
sponding about the same instant the stimulu This results 
series sharp, violent contractions various points the bell, 
which block one another and give the phenomenon tremor’ 
instead the usual contraction the other hand, the 
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contractility decreased, certain regions, such the 
regions, are able respond quickly, whereas others not; hen 
there arises irregularity.! 

The theory which have suggested based 
Romanes’ pre-potency idea and the experimental evidence 
study. receives support from the work Loeb, Lingle, 
Porter. Loeb 25) writes, Thus see that the whole hea 
beats the rhythm the part that has the maximum number 
contractions per minute. From this must assume that the 
dination the heart’s activity due the fact that the part whi 
contracts most frequently forces the other parts contract 
same rhythm.” the frog’s heart has been observed that 
sinus venosus beats faster than the other parts, and therefore con 
trols the rhythm. Also, the ascidian heart the region sending 
out the first contraction controls the direction the wave con 
traction. Porter pp. 130 and 133) discovered that the 
nism the mammalian ventricles not dependent nerve cells, but 
already been said, will seen that this probably true Gon 
also, 

following are provisional conclusions: (1) Coordination depends 
specific irritability and the transmission impulses (it uncertain 
whether the impulses are nervous muscular), not the action 
special nerve centres; (2) there are special centres coordina 
tion; (3) all normal bell contractions consist waves such 
invisible such; (4) normally the most sensitive region 
contraction wave; (5) when the sensitiveness the animal 
increased that many regions are constantly being brought into con 
traction the same instant, when the power transmission 
decreased that the wave passes slowly, coordination disappears, 


and there results either “tremor” visible wave, and (6) strone 


consideration the phenomenon tonus and fibrillation the mamma 
lian heart, PORTER 129 foot-note) suggests explanation the breaking 
contraction waves the ventricle the heart which seems applicabl 
case Gonionema. argues that strong contraction certain points (ou 
regions pre-potency) presumably blocks the wave and thus leads series 
partia! contractions tremor Gonionema), instead the normal synchronous 


action. 


— 
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Gonionema Murbachit 


eneral bell contraction into series 


muscular fibrillation. 


VI. SUMMARY. 


dependent for their execution upon the functional 


The reactions special organs parts 


activity 
central nervous system. 

animal except the jelly the bell and the 
differs widely degree for ditferent region 

Spontancity not dependent upon the central nervous system, 
but upon the high irritability certain parts the 
the bell. 

The marginless bell Gonionema fails show 
movements, except Cases, simply because insensitive 
other than strone 

tinued stimulation higher for the whole bell 
the slower the rate. 

ring any special nerve centres, but upon the rapid transm 
impulse, which either nervous muscular, probably 
latter. 

All tissues except the jelly and exumbrella are capable 
transmitting impulses. 

Certain chemical stimuli destroy coordination increasing 
irritability decreasing the transmitting power tis 
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THE EFFECTS POTASSIUM AND CALCIUM IONS 
STRIATED MUSCLE 


(Fvom the Hull Physioi / tory of 


calcium ions the heart have generally found 
see whether this held true for all musele tissue, Dr. 
Loeb that try the effects and Ca-ions 
the striated muscle. 

frog, and our surprise found that K-ions cause 
contraction the muscle and that Ca-ions antagonize 
that 1886, had also found that calcium counteracts thi 
peculiar effect potassium. 

The property potassium cause immediate and prolonged 
contraction striated muscie was also demonstrated 
and found that per cent KCI solution, 
applied the motor nerve, does not cause contraction, while 
applied curarized gastrocnemius, will cause prolonged 
contraction. This fact fully 

these experiments the femur the 
fastened suitable support, and the tendon Achilles was con 
nected with muscle-lever writing drum. The muscle 
then submerged the solution whose action wished test 


and prolonged contraction The latent period very short, 


Hower! This journal, Vv. p. 
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for the muscle contracts almost immediately touching the 


tion. The contraction reaches its maximum two three 


+ 


and may remain this contracted condition for from twenty 


the muscle placed 


ina NaCl solution. the Nat 


hundred rule, the curve produced (see Fig. 


and smooth line, not showing any individual twitches 


The were obtained with the 


potassium: 


K-oxalate, K-cyanide, and 


If, instead KCI solution, use less concentrated solution, 


the latent period increased, the height and duration the con 


traction are decreased, and the maximum contraction not reach 


The minimum strength capable producin 


contraction was found bea contraction 


solution not the greatly reduced osmotic pres 


B 


Figure 2.— At (A) the muscle is placed in a Y Cat solution. At (Bj) the Cat 


for the same results were obtained using mixture 


glycerine (isotonic with 0.7 per cent NaCl) 


Potassium solutions greater concentration than produced 
powerful contractions. When the KCI was diluted with NaCl, 


found the same results before, except that the minimum con- 


the diluted with CaCl,, the power the KCI produce 


tion 


contractions very much calcium neutralizes the acti 


the potassium, the following experiments demonstrate. 


A B 
Ze % 
| 
ol 


the minimum concentration the 


ul 


and increase If, for example, the 


with CaCl, solution, the minimum 


to 


The following 
After 
contraction which followed was 


perfectly 


niuscle 
and then, (B), subjected the action 
noticed that the contraction very gradual, 
period much longer than the fresh 
This antagonistic action also very stril 
follows: Fig. the muscle 
After fifteen minutes the 


solution. The relaxation did not set till about 


the application the NaCl, and was then very gradual, 


expiration ten minutes the muscle had not vet 


4 +) 


except that (B) CaCl, solu 


relaxation began immediately and was 


ing its original ten minutes 


) 


PAL 


3 
with its with water 
proves the neutralizing ettect 
the same that produced 
\ ( 
FIGURE 3.—At (A) tl muscle is placed in a Ké s At (B) t 
for minutes, 
will 
and that the latent 
nely brought out 
KCI solution 
ad bv at N iC | 
q A 
replaced by a Y Cal solution 
fast, the muscle regain 
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From the experiments related above, thought might 
possible cause the muscle contract and relax great numb 
CaCl,. was, indeed, found take place, and especially 
that the antagonistic action calcium appears. The KCI and 


‘ 


The alternate application and CaCl, the gastrocnemius mus 


solutions were placed two burettes, and fixed that little 
solutions could squirted against the muscle placed muscle 


this manner the curve Fig. was all, 


the muscle gave seventy-six contractions one the expi 
ration that time the contractions became small although 
the irritability the muscle towards repeated induction shocks was 
very great (Sec. coil one dry cell). 


That this action the CaCl, solution not due the washing 
away the KCI was proven alternately applying KCI and 


FIGURE The alternate application and the gastrocnemius 


this manner the curve Fig. was produced. The 
ten minutes, gave nine contractions, and then longer responded 
the Already the expiration five minutes the contra 
tion produced the KCI are extremely feeble. 


CONCLUSIONS. 


K-ions produce prolonged contraction the gastrocnemius 
muscle the frog. 

Ca-ions (and lesser extent Na-ions) antagonize this action 
the K-ions. 
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ITS DISSOCIATION, AND 
COMBINATION WITH ACID AND ALKALI 


TORALD SOLLMANN 


combining power albumose with acids 

particularly with the former, has been the subject extensive 
experimentation. used these investigations have 
for the most part been such ill-defined chemical substances that the 
results, even when obtained faultless methods, have not given 
any clear insight into the constitution the resulting compounds. 
Valuable data have, however, been brought light. seemed 
interesting determine how far these would apply more impure 
mixtures. determination certain physical and data 
have, moreover, peculiar practical interest the case Witte’s 


peptonum siccum, since this substance extensively employed 


experimentation account the ease with which may obtained 
and its fairly constant consists mixture 
minimal quantity true peptone, and considerable ash. 

per cent solution, required the following amounts 
solutions render indifferent the indicators named 


*henylphtalein 4.0 c.c. NaQl 


Sjoqvist (2) (p. 352) finds that 3.12 gm. his dialyzed Peptonum 


siccum Schuchardt, render 100 HCl neutral 


numbers refer the bibliography 


q 
From the Laboratery of rriment 
Cleveland, 
‘ 
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Fawitzky (3) finds that Witte’s peptone binds its weight 
with methyl-violet phloroglucin-vanillin indicators. This would 
equal 31.75 c.c. acid per gm.! Many investigators neglect state 
the reaction their albumose toward indicators. 

interesting compare with these figures those given 


Benedicenti (4) for other proteids. 


REACTION 


Methyl Phenvl 
Litmus 
orange phtaie n 


gm. gelatine 


egg albumin, natural, moist 

l om. of egy albumin, dry, Merck 


gm. cattle serum 
16 
gm. 


] em. of casein 


follows that the alkalinity peptone Witte just that dried 
albumin. 

Throughout this article, the reaction 

solution the albumose heated, its reaction changes that 
requires further 5.4 c.c. acid per gm. render indifferent 
the orange; cooling recovers its original reaction, that now 
5.4 alkali must added. This change can repeated 
indefinitely. The same change occurs solutions which are acid 
alkaline: boiling solutions always require 5.4 c.c. more acid 
reduce them the neutral point, than they the cold. 

The determination the ash gives very variable 
results, pointing fairly volatile constituents. determina 
tions made samples 0.5 0.75 gm., with various degrees and 


time heating, gave 2.4; 3.0; 3.6; 4.0 per cent. 


: 
4 
q 


these 3.3 per cent dissolved water, gives 


The mean 


nearly the same depression freezing point the albumose trom 


presumed to 


which has been prepared, that may probably 


correct 


0.75 gm. peptone dissolved water 104. 


A of ash of 1 


WssOived m 25 c.c. ol W 


hlorides, calculated as NaC 


this 3.3 per cent ash, 1.27 are 


The peptonum siccum albumine, Merck, with which Bugarszky 


and Liebermann (5) started, contained per cent ash; while 


their dialyzed product contained 1.27 per cent. 


i 


Sjoqvist (2) (p. 348) finds his purified albumose 


ash, consisting mainly Ca, and with very little chloride 


The reaction the_ash, dissolved water, equals alkali 


per gm. albumose (very near the alkalinity the original albumose 


litmus). leaves 9.0 c.c. the original alkalinity unaccounted 


The volatility the ash ammonium. 


the fact that the depression freezing point the ash practica 


that the proteids proves that the alkalinity inherent the proteid 
molecule. does observation; his albumose contained 


but the ash mine, yet had the same 


ammonia, some volatile base, present loosely combined state. 


boiling peptone with the vapors blue litmus and 


method yielded 1.8 volatile alkali per gm. albumose. 


points: first studies were determination the freezing 


point, using apparatus. 


| 
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The results are given Table and Curve 


TABLE 


WATERY 


ALBU 


POINTS SOLUTIONS 


FREEZING 


peptone. 


Results 
and 
on their dialyzed 


] 
Gm. Molecular albumose. 
4p. gm. concentration Mean 

albumose 

| 100 c.c. albumose in weight. 
«ater. 

100 


0.004 OOL6 


O.059 O.L1S 0.06243 160.2 0.00S OOL6 


0.072 0.072 O.O3S07 O.O13 


0.0S7 O.0435 0.02302 $34.5 0.020 O.OL0 


O.104 


0.035 O.O1SS2 


O05 


0.133 0.033 0.01746 


0.193 


0.032 O.01693 


Column Depression freezing point. 


gm. 100 
1.59 


Column IIT: 


Column IV: 


Column 


The columns and III Bugarszky and Liebermann correspond 
these numbers the above, and are calculated from the figures 


given page their article 


4q 

3 

| 

2.0 


and Combination Wittes 


of Water 


Grams of W.Peptone added to 100cc 


01 
Concentration: 0.0) 


Curve 
conductivity are 


Table and 
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(B) Electrical Conductivity: Vhis was taken modification 


the Kohlrausch method, using the apparatus employed 


Stewart his work the permeability blood corpuscles. 
The result given Table and Curve 


(im. of 
albumose 


i 
Conducmvity: 2.5 3.0 35 40 45 5.0 Units 
oF 
e + + + + + + 
mu 
o\, | 
| 
\o 
4 
0.03. 0.04 005  0.06Mols 
q ti ty m ular concentration a 
peptone. 
I! IV \ 
| Conductivity Gam. of 
q at 5° ¢ per gm. 
1356S OOSUT 
2.751 $450 0.1552 
2} S345 33S 6.25 33S 
14.58 2.916 0.3952 
10 5.34 2.534 O99 
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Column II. Reciprocal ohms * 1o* reduced to C 
‘ 


Column 


in 


Columns and are taken from 348 Column varies Column 


Both the freezing point and conductivity indicate dissociation 
the albumose. Such has, indeed, been the opinion all previous 


observers. The number which arises varies, however, 


with the different samples. From the curves will seen that 


per cent solution practically undissociated, while the dis- 


sociation practically complete with content per cent 


With the latter concentration, each gram Witte’s peptone causes 


0.06243 


nearly four times 


much depression freezing point 
397 


capable dissociation into With the albumose 

O.OT »\ 

Bugarszky and Liebermann the dissociation only into two 

The form the curve plotted from their data coincides closely with 
that drawn from peptone. 

seems beyond doubt that the ash responsible for the greater 


dissociation observed Witte’s peptone. average molecular 


dissociated condition 630, when dissociated 160. Subtracting the 


weight the latter, inclusive ash, the un- 


concentration due the ash, the average molecular weight the 


ash-free peptone lies about 4600. The albumose employed 


Bugarszky and Liebermann had the molecular weight, when non- 
ao am 


dissociated, about four times that the inclusive 


ash); when dissociated its molecular weight was 


albumose was, however, mixture unknown composition. 


still more true the peptone, and the problem what 


molecules exist the non-dissociated and the dissociated solution, 


hedged about many sources confusion that speculation 


about appears valueless. However, that Witte’s peptone 


sociated the manner described, and that the number dissociated 


molecules bears simple ratio the non-dissociated, are interest- 


ing phenomena. 
the albumose added per cent solution, dissociation 


4 


does not seem The the NaCl solution 
Adding per cent albumose became 0.74 Assuming that the 
dissociation were water, would have been dis- 
sociation had occurred, would 0.743 within what was 
actually found. Even this small may explained 
condensation the NaCl. 


phenomenon. peptone the conductivity increased 


2.534 

O.OSQ 


OO, ) 
per cent not quite complete, may assume that the conductivity 
his albumose rendered three times great 
The changes conductivity not admit clear insight 
simple interpretation those the freezing Not all the 
fragments the dissociated molecules need conducting; the non 
conductors will lessen the conductivity the others; further, the 
conductivity the different ions far trom However, 
the close correspondence the changes point and con 
ductivity the case peptone seems show that the two 


are parallel processes; and since the conductivity merely dou 


whereas quadrupled, the conclusion appears justified that 


not all the molecules arising the dissociation are conductin 
The albumose part the original molecule probably non-conduct 
ing. Ammonia also non-conductor (2, 331), and since 
the alkalinity increases when dissociation brought about heat, 
appears not unlikely hypothesis that this may 
the albumose. 

very interesting difference appears when the the 
albumose compared with its bacteria. 
Stewart (6) has investigated the molecular changes 


the growth subtilis, and 


peptone solution throug 
proteus Zenkeri. 241, used both the freez- 
ing point and conductivity methods. sample peptone 
with which worked, evidently corresponded very closely with mine, 
since 4.3 per cent solution gave and cond 
the same apparatus) 13.68 The the bacteria 


Was associated with splitting the this 


1 
| 
4a 


adde d to 


albumose 


FREEZING 


ular concentration. 


0.1291 


0.1122 
O.1159 
0.1238 


0.1466 
O.15S82 


O.1757 


the conductivity sixteen times. 


TABLE 


< 


id (O.129]) 


tween observed 


O.O169 
0.0249 
O.O132 
0.0053 


0.0026 


OOL7S 


0.029) 


LO.0466 


of the conce ntration 


Sum 


composition had been carried the maximum possible under 
conditions the experiment (No. 1), was increased fifteen times, 


AND ALBUMOSE. 


Difterence between V 


0.0590 
O.OSS] 
O.0975 
0.1001 


O.09S5 


O.1114 


The conductivity bacterial decomposition therefore increased 
even more than the amount corresponding the liberated mole- 
cules, whereas dissociation the conductivity considerably less. 


BUGARSZKY 
LIEBERMANN 


v 


between sum 


210 
0.197 0.1923 O.116 0.100 
| > | 
7 
7 
7 


When the decomposition only slight, the case approaches more 
nearly dissociation; thus increased 2.2 times, con 
ductivity 1.7 times. investigated the action subtilis 
and prodigiosus solutions protalbumose, from the chemical 
standpoint, and found that the phenomena resemble closely those 
tryptic The conversion tyrosin, leucin, and tryptophan 
was often almost complete. 

Combination peptone with sulphuric acid. 
gated this subject the freezing point and conductivity method 
results are given Tables and and Curve shall 
again place parallel with them the results Bugarszky and 


mann (5, 73). 


Column I] obs« ved le pre ssion of freezing point 
Column IIT: 
1.59 


molecules. 


Gm of alin 
mose it 
100 acid 


The numbers and curves from the freezing points show that both 
Bugarszky and Liebermann’s and peptone cause, 
amounts, condensation the molecules, that the addition 


albumose molecules the acid, instead increasing, actually 


Zeitschrift fur Biologie, 


q 
| 
rABLE 
I i. I\ 
ner cent af 
boss of Fessens 
= 10 maluctivity onductivit 
$5.15 158.75 1.75 
10 $1.5 1624 16.24 
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diminishes the number molecules present. increase 
size the molecule other words, actual combination 
therefore have taken place. ‘The conductivity curves force 
same conclusion. 
te Conductivity 60 80 100 120 140 160 180 200 Units 
0.3 25 35 45 
10 
tion Column III, Table 


No. 2. Conductivity ( 
umn II, Table V. N 

IV, Table No. 
BuGARSZKY 


one 


MANN’S albumose 


Column 


Grams of Albumose in !00cc of Acid 


ol 
Jor Molecular 0. 
Concentration or Degrees 


deductions the amount acid combined with the 
albumose, and the structure the resulting molecule, 
rather hazardous. the freezing-point method does not 


unequivocal answer these 


on 


has been said, the addition albumose molecules produces even 
the total number molecules present. causes similarly 
the conductivity, much greater than were absolut 
non-conductor for each gram the decrease from per cent 


the conductivity, while other non-conductors cause only decrease from 


cent —G. The lessened conductivity explained least 


part the lesser molecular conductivity the newly formed ions. 
lessening the freezing point can only explained 
sociation, actual entrance the entire acid molecule into 
mose molecule. Counteracting the this, 
have the fact that the acid-albumose compound dissociates hydrolyti- 
cally partly into its components dilute solutions (Sjoqvist (2) 335) 
Attempts the freezing point allowing for 
must prove until can assign numerical value them. 
Even the point which the saturated the albumose open 


Yet the tables and curves show phenomena 


which 
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The freezing points show that the minimum con 

there bend Curve II, Nos. and The cor trat 
increases regularly, and with Bugarszky and 
almost exactly the molecular concentration the added 
combination acid and albumose may therefore supposed 


complete the point where the angle occurs. 


Bugarszky and albumose 


and since gm. their albumose 
cule albumose combines with molecules 
tion albumose were also complete this point, then 
Witte's peptone binds 4 | H.SO, 
i 

Column Table shows that the maximum 
figure very near to O,1 seems to argue that t amount of aibumosc 

O.1 \ 
to on ot pet 1OO Cc. iC] oO! 

15387 

acid per gm. albumose figure very near the alkalin 


toward orange; gm. albumose 
point where the conductivity has reached 

phenomena appear therefore 


maxima combination, the first containing 


it to the existen ol ) 
econd equivale 


fact that the freezing point the 


when per cent albumose have been 


reached this point even when gms. 


albumose have been added 100 acid 


the ash the former. this ash does not 


tion, should raise 


1 


added (allowing for lessencd dissociation). 


ash 100 would raise the 


} 
ld, IS CaShYyY CNXPlaine 
rt } } 
partake mM th Comp 
portional the amout 


q 
per ) ¢ - IS also 
S maximum 
and 
| 
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that per cent solution really has theoretically concentrat 

Witte’s peptone also does not really reach the original concentrati 
when per cent have been added. 


0.2731. The observed concentration being 0.1757, plain 


The electrical conductivity curve corresponds kind very 
that given From his curves combination wit 


was complete when per cent albumose 


added, also for With Witte’s peptone, the 


conductivity was reached, when gm. were added 100 


With this the original; with per cent 


The binding power albumoses for acids has been very extensively 
studied, and the widely different methods which have been employed 
have given results which agree quite closely certain particulars. 

Sjoqvist’s admirable paper (2) gives extensive account 
earlier literature, particularly concerns the combination hydr 
acid with albumin. regards albumose, the first quantitative 
work quoted him that (1884). The latter precipitated 
hemialbumose from acid solution NaCl and found that the pre 
cipitate washed with NaCl contained per cent (which would 
equal 14.6 acid per gm.) which dialysis could reduced 
minimum 1.87 per c.c. acid per gram. The 
figure agrees fairly closely with that obtained with 
tone. The latter could perhaps explained hydrolytic dissocia 
tion. The results have already received sufficient 
also those Bugarszky and latter also meas 
ured the combination the electromotive force, and obtained results 
which agree with the freezing method. 

Cohnheim (7) investigated the subject Hofmann’s method, 
adding excess HCl and determining the uncombined acid 
inverting cane sugar. Ile finds the interesting fact that with albumoses 
the amount acid bound per gm. albumose varies inversely 
the dissociation, whether the latter brought about great dilution 
heating. This the more remarkable view the fact that 
the alkalinity peptone towards orange increases 
heating. Cohnheim, however, showed that antipeptone 
change its binding power dilution. These differences 
explainable differences the constitution the albumoses. 


The lesser combining power Cohnheim’s dissociated albumoses 
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may due hydrolytic dissociation. The greater 
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per cent solution the protoalbumose 
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Dissociation and Combination 


cent its weight which would correspond 
acid per gm. peptone; deuteroalbumose binds 
heteroalbumose, 8.16 per cent; antipeptone, 15.7 
last three 2.5 per cent solution. Cohnheim 


precipitation method for heteroalbumose, 
reavent. These all gave 
concentration above 2.5 per cent does not increase 
power materially. 

Table gives brief survey the results 


investigators. 
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Combination albumose with sodium hydrate. This subje 


appears have received much less states 
the behavior albumoses alkalies similar their reaction 
acid, and promises further work the subject. The only import 


work actually published, however, found the paper 
and Liebermann already quoted. investigated 


the electromotive force and freezing points, the results 


two methods being agreement. 


shall again place the results these authors with ow: 


which are set forth Tables VII and VIII and Curve 


The explanation the columns the same Table IV. 


TABLE 


FREEZING POINTS. HYDRATE AND 


0.0 0.386 0.2042 0 

Os O.1S 
1.0 64 

20) O.143 O.0600 
O.383 0.2026 O.O490 
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owever, Bugarszky and Liebermann did not determine the fre 
Bugarszky and Liebert lid not detern the 
point with per cent The minimum actual determ 
tion was per cent, which corresponds gm. binding 12.5 
The results the electromotive method agree with 

Witte’s peptone produced alteration freezing point 

I > 
between and gms. had been added. The increase which 

occurred corresponds 1.7 gm. albumose, that the 
would saturate 100 c.c. NaOH; gm. 15.9 
0.09954 molecule albumose bind 


molecule binds molecule. This corresponds, practically, 
Bugars 


and Liebermann and Witte. therefore, con 
that Bugarszky and Liebermann’s albumose tetravalent; whilst 


maximum binding proven for decinormal acid, found 


smaller molecule Witte’s peptone monovalent. 

But another most significant phenomenon is, that while the additi 
Bugarszky and Liebermann’s albumose below four per cent caus 
the molecular concentration fall, unaltered Witte’s. 
presumably attributable the ash the latter. certainly 
remarkable coincidence that the ash should raise 
just the same amount which the albumose depresses 
seems not improbable that this the case. The addition 
ash gm. undissociated albumose would increase the molecula 
concentration something like 0.0864 0.0144) that the nun 


ber NaOH total molecules would decreased 


and Liebermann find them decreased most very 
difference. 

The conductivity curve shows also marked peculiarity from 
seen with acids. 

might also argued that the albumose inclusive its ash com 
bines with such way not change its ions; 
perhaps, Alb. Na— OH. However, that this could not 
take place without changing the dissociation appears unlikely, 


i 


larly view the fact that the conductivity reduced something 


like per cent per cent for each gm. albumose added. 
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CONCLUSIONS 


The research gives data 
peptone toward indicators, the cont 
sociability the pure albumose solution, 


peptone with acid, and the combina 


sodium hydrate. 
dissociable into four molecules dilution 


alkaline molecule. 


Witte’s peptone appears monovalent 


bases. 


BIBLIOGRAPHY. 


peptone has average molecular 


he 
£ ent of the ash. the 
| 
by nea It splits oll an 
i 
LOW ATG th) 
| 
a 


WITTE’S PEPTONE. 


TORALD SOLLMANN. 


A Phenomena observed with the original Witte’s peptone 
kx wit Ibumoses 

I> Discussion of the results 


peculiar modifications induced formaldehyde solutions 

various proteids have been the subject considerable inves 
tigation, the literature which contained paper Bened 
centi Proteoses and peptone, however, 


investigated this respect. 


Charles Lepierre (4) presents two short notes 
ction formaldehyde albumoses. res far 
] 
of the san problems, differ considerably from my ow () CC 
I 
he nt detail } h } nrnicl 1% 1 ty)? 1,] + nt 
the very scant details which he furnishes, itis impossible to account 
factoruv for these caifferences, and unprotitabie to ti ol 
I therefor take this occasion to point out the principal ai ( 
‘ 1 
Lepierre states that the reaction does not occur, most very 
cold, but takes place quickly boiling. 
rendered insoluble, but more commoniv (with Commercial p 
phenomenon reveals the reaction. precipitate 


have found Witte’s peptone precipitated 


under certain conditions, whereas precipitate occurs under 


conditions. have studied the factors influencing this precipitation 
far mainly upon Witte’s peptone, which shall often designate 
briefly 
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Appearance the precipitate. 
turbidity which passes few minutes 
gelatinous clot, according the 
formaldehyde. Lhe precipitation oOccul 
slightly alkaline reaction, 
precipitation for the 


reactions. 


water. When boiled with 


gives only the very faintest 
soiubie acids and aikalies, Dut the 
the precipitate pro 
1 
aenyae. 
If it h ‘ ( toct 
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Reactions the redissolved precipitate. solutions 


precipitate, whether obtained once and the cold after 
through prolonged boiling, either acid alkali, show the char 


teristic reactions albumoses. The albumose 


regenerated bringing the formaldehyde precipitate into 
They can be reprecipitated by the formaldehyde in the solution, if the r t 
rendered faintly alkaline. They give distinct biuret 
yellow color precipitate with nitric acid; the precipitate 
heating; considerable turbidity with acetic acid 


ferrocyanide. 
After neutralization they give copious precipitate with Almen’s ‘Tannin 


agent (Almen’s does not precipitate with formaldehyde) large 


it 
pitate half saturating with ammonium sulphate 
precipitate saturating with sodium chloride. 

Benedicenti (1) found that driving off the formaldehyde from the prot 
steam, the proteids recovered their original 
from results that albumoses may resume their characters even 
presence formaldehyde, the conditions for the actions the latt 


are re moved, 
Lepierre (4) also obtained his precipitates heating for 
hours the solution has also the character 


the proteid from which was formed. 


Although follows from these experiments that albumose can 
whether all the albumose can recovered. The following experi- 


ment proved that this the case. 


albumose solution was treated with excess formaldehyd 
and left stand for half equal volume per cent 
hydrate was added, and the mixture boiled solution. Another samp! 
was carried through precisely the except that water 
added place the formaldehyde. ‘The same proportions were used, 
and the two samples were treated Both solutions, 
with and without formaldehyde, gave the same intensity precipitation 


with the tannin and with the ferrocyanide test. 


shall, further on, have occasion show that the alkaline solution 
the formaldehyde-albumose precipitate contains, not the original 
albumose, but its formaldehyde compound. The acid solution, 


the other hand, contains the free albumose. 
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Binding the formaldehyde Bene ent 
titration method (see below) that formal 
bound to proteid precipitates Ile believes th to 
trary opinion Elsner (1805) and Classen 
dicenti’s method, ] could Corre borate his results aiso on 
also succeeded showing other methods that the 
into chemical combination with the that 
retained the precipitate, partly part 
combination 
which it devel | when it ea wit | 
lve t I t r \ rod ? 
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The com ation 1 » quite tla arti ( \\ it 
quite insolub boiling water 
cent s m mpart tc 
tun er t obta ( by 
W n the forma! ve to an t init 
(c) Bene ent method 
contain of the « my nad Yet ter t ! 1 ! 
pos hn with on 1 one-hait to thr 
enti mount 
chanically, a very \ til nee | (TL) 
known that iodoform may retained int 
has already been mentioned that the 
precipitate still gives proteose reactions. 


T\ 
eT 
\ 
the 
lit 


rey ol 
( 
al ) i 
+} 
1 
7 
1 | 
vet 
f 
the 
af 
‘ 
m 11.4) 
af 


224 Sollmann. 


days under the most favorable conditions the weight the precipitat 
amounts only per cent, its nitrogen 48.6 per cent 
albumose originally present. Under similar conditions the 
the formaldehyde has reached its maximum much shorter tim 
that the reaction must considered completed. are als 
good grounds for the opinion that the precipitation then 
The non-precipitation about per cent Witte’s peptone can, 
fore, only accounted for supposing that this part 
capable reacting with the CH,O. 

saturation the filtrate the above 
ammonium sulphate gave only small turbidity; somewhat 
occurred saturating with NaCl. appears, therefore, 


primary albumoses are practically completely precipitated. This was, 


indeed, shown the case solutions pure proto- and hetero 
albumoses, isolated from the Witte’s peptone and subjected 

longed dialysis. the primary albumoses are not the 
ones concerned the reaction; for while the nitrogen the 
cipitate amounts 48.6 per cent that the entire peptone, 


L 


nitrogen the primary albumoses amounts only per cent 
are precipitated saturation with NaCl, only per cent 
they are precipitated the sulphate method Zunz (6). 

Some preliminary experiments, made show whether 
albumose and peptone were precipitated proved unsuccess- 
ful, since the preparations were not hope able 


extend the present research isolated albumoses, and perhaps 


CONDITIONS WHICH THE REACTION. 


investigated the influence various factors upor 
the reaction between the formaldehyde and peptone, 
the following quantitative methods 

for specified time. ‘Two small filters are exactly 


balanced cutting away the tip the heavier filter, the entire filter 


placed inside the mutilated one. mixture and the gelatinous 
cipitate are decanted upon these are then washed free 
salts with boiling water, then with per cent then 
They are then dried 110° counterpoised and weig 
Titration the bound alkali. certain quantity the 
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all the following work, was epted the star 


per cent formaldehyde, the titration was made with 


attention was directed the binding alkali the 


reaction the theoretical, not the actual, neutral, 


adding the hydroxylamin. obtained this manner 
clusion the actual amount alkali, boun 
however, comparable amongst themselves, shall 
combined alkali and 


Direct estimation the alkali and the 


W 


note 


They 


‘m 


compound 


this purpose the washed dried precipitate placed flask wit 
rubber stopper and connected with Liebig’s absorption bulbs 
hydroxylamin solution. The flask heated water bath until 
contents dissolve. direct titration the contents the flask 
the alkali which has been The hydroxylamin the 
now added the acid; the titration, after standing, shows the 
of formaldehyde liberated. 

Freezing point. freezing points were estimated with the usu 
spiral rolled gold wire, cm. long, the turns the spiral being 


apart. ‘The thermometer standardized before use 


solution. Control readings agree 0.002° 
The influence alkalinity All the phenome 
under consideration the precipitation and the binding 
formaldehyde and the greatly influenced the reacti 


the liquid. 


The reaction the following experiments referred methyl 


which Witte’s peptone has alkalinity per 


indicator. ‘neutral solution” understand one 


for each gram albumose, 

Before taking the influence changes reaction upon the formald 
precipitation, will not out place record the 

2a. Effect the reaction upon the clearness peptone solutions 
Neutral solutions containing per cent the peptone are 
turbid turbidity greatest with reaction between norm 
wid and normal alkali per actual observation, 0.103 
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disappears completely with the alkalinity between 2.3 
show 
dding acid unti 


2b. Influence the reaction precipitation formaldehyde 


This very conspicuous factor attracted attention very early 


} 
‘ 


research, particularly have not seen mentioned detail cor 
nection with the other ids far invest 
Benedicenti quotes the following: 

Beckmann (3) shows that the hardening gelatin only partial 


when quantity acid present, and altogether 


the acidity stron 


Benedicenti himself (2) (p. 238) found that 
either reagent. 
made rather lengthy series experiments determine 


Cf Vreati 


between which turbidity and precipitation occurs 
and obtained the following results: 


Mixtures possessing greater alkalinity than 1.6 normal 


gram albumose are not visibly changed 


just shows slight turbidity standing three four 
the alkalinity reduced 1.52 per slight turbidity 
once, which plainly marked precipitate between the limit 


within few hours, growing more faint the alkalinity further 


reduced. With the turbidity still plainly 
this, doubtful. Absolutely none can distinguished (in sever 
neutral acid solutions. ‘The turbidity weakly alkaline 


solutions grows more dense with time, and reaction 
alkali shows clot twenty-four hours; 0.4 


hours. three four days small, loose, flaky precipitate occurs 


even neutral solutions. the precipitate from neutral 
solutions more abundant, yielding after twenty-four hours’ standin 


precipitate 0.0305 gm., instead 0.116 gm. given with alka 


linity 1.3, under like plain standing with 
large excess formaldehyde, abundant precipitate 
reaction, and apparently also those containing 0.2 
per gram peptone. There absolutely none wit 


upward acid even after four day 
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The optimum reaction that which gives the largest 
cipitate the shortest time lies between 1.05 and 1.1 norn 
alkali per gram. ‘The natural alkalinity the peptone c.c. 
estimation: 


tate. addition trace hydrochloric acid brought down 


gave twenty-four hours’ standing 0.124 gm. dry 
further gm. twenty-four hours. 

desire lay upon the fact that the limit beyor 
which further alkali prevents precipitation, 
amount alkalt 


present, but the ratio alkali 


per cent peptone solution, the presence 2.125 
peptone) whilstthe same amount alkali per cent 
prevent precipitation latter requires normal alkali 
per follows that the reduction the alk 
dilution with water does not cause precipitation. the 
mum precipitation per cent solution requires 


Solutions which have stood four days with excess acid 
precipitate Those which precipitation has 
prevented excessive alkalinity become turbid being neutralized 
the degree turbidity being apparently proportional the amount 
very small turbidity neutralization; and none all with 7.5 
and above. precipitate occurs with lower alkalinity, this 
mains after neutralization when the has been removed 

] 


hydroxylamin. Solutions with alkalinity above 7.5 c.c. fail give 


precipitation with this treatment. 


2c. Effect reaction the binding alkali and formaldehyde. 


adding various amounts acid alkali solution formal 


dehyde, the reaction well the amount formaldehyde are found 


unchanged, even when the mixture has stood for several 
does the reaction change when peptone solution and acid alkali 


left contact. 


om 
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If, however, mixtures peptone, formaldehyde, and alkali are lett 


together, definite amount alkali bound firmly that not 


liberated the cold the addition acid. the same time, 


certain amount bound, the two being very nearly 
tional. the quantity and the absolute quantity alkali 
are sufficient, certain maximum 6.4 alkali and 0.0447 gm. 


CH,O per gram albumose will eventually bound, but the time 


required determined the excess alkali formaldehyde 


present. 
regards the influence reaction upon the combination: 


medium combination occurs; and the compound when already 


formed alkaline medium, decomposed boiling with acid, 


the original amount alkali and being follow- 


ing experiment may serve instance: 


Experiment t10. two flasks containing per cent 
solution was added c.c. per cent and the same amount 
CH,O two flasks containing water, and treated 
just alike the same operation. was left one hour, then 
cc. acid added, left over night, neutralized, and hydroxylamin added. 
- The peptone liberated 26.0 c.c. ‘a acid, the control 23.9 c.c. The other pau 
was left twenty-four hours, acid added, and digested 
100°, yielding perfectly clear solution the peptone. cooling 


they were neutralized, and hydroxylamin added. 


The peptone liberated 20.5 the control 20.6. 


alkaline solution, the extent the reaction exactly propor- 
tional the amount alkali present, illustrated Curve 


The experiments from which the curve was drawn were 
acid alkali give the desired reaction. mixtures were set 
aside for four days and titrated. 

The maximum was reached under the conditions the experiment 
when the alkalinity was 2.4 per gram albumose. 


somewhat peculiar phenomenon noted when 


alkaline solutions say per gram are neutralized, for 


the amount alkali which bound appears larger first. The 


” 


first change color would perhaps indicate binding 5.0 


then the solution becomes yellow again, and more and more acid can 


added, until the bound alkali corresponds 3.2 even 3.7 


appears combination containing more alkali existed, from 
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which the alkali was slowly liberated —the whole change, 
occupying but few minutes. 
Per Gram 


Vio ALKALI bound 
CH,0 bound _ 
2 


10 — 
a} 
«x 
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Curve The effect reaction upon the 


solid line and O represent the combined alkali, the dotted line and & the combi: 


formaldehyde. 


The results these observations show very conclusively that the 
reasons why precipitation does not occur acid nor alkaline media 
are very different. the former, the combination does not take 
place; the latter, the compound soluble. 

The freesing-point also shows that combination occurs 
the presence alkali, but not the presence acid. 


( 


(Alkalinity per gram.) Condensation 0.028° 
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C3. Influence the concentration formaldehyde the reaction 


The effect increasing the quantity formaldehyde like that 


increasing the alkalinity, more rapid combination and precipita 


tion. The slower reaction with the lesser amount formaldehyde 
plete the reaction, for used every case more than actually 


bound (viz., more than 0.0447 gm. CH,O per albumose). 


The following figures support these statements 


The last two experiments show how the retarding influence 
favoring factors, this case greater concentration albumose 

C4. Influence the concentration albumose the reaction. 
Greater concentration the solution albumose also hastens the 


reaction, shown the following 
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added per Time 
gram standing. 
albumose. 


Strength 
the solution 
albumose 
natural 


reaction. Per gram albumose. 


day 


day 0.1465 

days 0.2015 (Maximum precipitatior 
days 2.7 (Combined) 

days 3.21 (Combined) 


Influence standing upon the reaction, have already had 
occasion mention that the reaction leisurely process. 
with the optimum conditions, scarcely any combination occurs 
once, and the reaction only fifth completed ten minutes, and 
still incomplete hour. The precipitate also does not occur 
once, under the most favorable conditions, and consolidates and 
gelatinizes only the course time. The length time required 
complete the reaction varies inversely the other favoring condi- 
tions. With the usual disposition the experiment complete 
less than eighteen hours, when the alkalinity 2.5, whilst with 
alkalinity 1.3 not quite complete even twenty-three days. 

The following protocols and curve will bear out these statements 


Precipitation 
gm. albumose, c.c. water c.c. per cent 
4 2 
Precipitate after standing day weighs 0.232 per gm. albumose. 
Precipitate after standing days weighs per gm. albumose. 
Precipitate after standing days weighs per gm. albumose. 
gm. albumose, c.c. water and per cent CH,O. 
Precipitate after standing day weighs per gm. albumose. 
Precipitate after standing days weighs o.107 per gm. albumose. 
> } J é 


Precipitate after standing days weighs 0.1035 per gm. albumose. 


Binding alkali and This shown Curve which 
represents only some the experiments made, and which all illus- 
trate the same facts. Since the binding alkali and are 
strictly proportional, the former alone depicted. 
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Mo ALKALI 
bound per gram O 2 Bac 
| } | 
Reaction 2.5 alkali No. Reaction 
Nos. and 3 alkali bound per gram. tt 
Phe arrow indicates the accepted maximum bound 
w | | 
4) 
18 


195 O.S 25 iiKal O.16 hour x None 
day O.UAS ‘ 
+ days x 
197 1.0 19 2.1 alkahi 0.0S Zi cr. At once O.O?P0 
day 0.071 
days O.0S6 
198 3.0 11.0 0.47 alkali 0.037 Wea At once 0 
da O04 (ons 
al 
199 0.75 26 3.3 acid 0.107 29 C4 At once 0 Nor 
3 days 0 
205 8.6 0.26 alkali 0032 15 min. 
207 0.5 1.7 63 alkah O16 At once 
l6 days Few tlake 
* 


This number refers the difference between the observed, and that which 
would have existed condensation had occurred. Thus, Experiment 
The has increased 0.176. 


2 per cent CH,O should give 0.360 + 0.176 0.536 The actual reading, imme 
ately after mixing, condensation has taken tour days, 
reading is O498; ditterence 
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Influence boiling the combination. The reaction 
greatly hastened boiling, and this especially noticeable when 
the alkalinity have shown the preceding 
paper, increases the alkalinity peptone per gram 
This undoubtedly important agent the favorable influence 
boiling, which acts this way like the addition alkali. That this 
the case shown the fact that the boiling causes precipitation 
even neutral solutions, and the latter acquire acid reaction 
this increase not sufficiently large account for the 
rapidity the reaction, that this must favored 


the heat. 


orange, boiled for hour, and the precipitate estimated after twenty- 
four hours. ‘The solution turns precipitate third 
given with acidity 1.3 standing twenty-four hours (0.0305, 
place With alkalinity 1.3. boiling gives approximately 
same quantity precipitate hour found after standing 
ordinary temperature for twenty-four hours instead 
Boiling solution alkalinity 1.3 with o.16 per gram for 
also gives the maximum binding alkali, such only obta 


the same solution standing ordinary temperature for over twenty 


three days several hours increasing the 
Boiling causes precipitate solutions which contain excess 
alkali, nor the presence acid per gram. 
Effect salts upon the precipitation the 
albumose and the binding the formaldehyde are both very con 


spicuously influenced the presence salts the solution. 


Small amounts all the neutral salts alkalies, magnesium, 


and zinc lessen the precipitation, and greater amounts prevent 
entirely. The most efficient are ammonium These also 
dissolve the precipitate immediately after has been 
older precipitates they have little any action, even 
longed the preventation precipitation alkalies, 
the absolute concentration the salts and the albu 


mose, are immaterial, the main factor being certain minimum 


well known that ammonium sulphate decomposes formaldehyde when 
heated with not, however, the main factor results: the solution 
still possesscad a strony formalin odor, and pre Cipitate 1 when an excess of all 
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The presence sufficient salts also prevents the binding the 
water were now added 
was that the turbiditv cleared, 
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the orange. i 


Sollmann. 


to 


the mixture somewhat, but any real solution doubtful, even after 
for hour. 

old precipitate dissolves very incompletely repeated boiling and stand 
ing total twenty-six hours boiling and four days standing) wit! 
fourth-saturated ammonium sulphate. 

Ratio salt required prevent precipitation. have shown 
vented precipitation entirely with all the salts except sulphate. 

tried demonstrate the exact ratio required the case sodium 
The difficulty distinguishing turbidity caused the 
from that naturally present the mixture very This attempted 
obviate, with fair success, keeping control portion the 
salt mixture before adding the 

The results are set forth the table. 


NACL THE PRECIPITATION PEPTONE. 


Unless otherwise noted, the amount was 0.5 the time standing, 


two hours. 


c.c. saturated Gm. peptone 
NaCl present present 100 
100 c.c. the c.c. the 
mixture. mixture. 


c.c. of saturated 
NaCl per gm. Results. 
peptone. 


precipitate 1.67 
days. 
No precipitate 
day. 
No prec ipitate 4 
day. 


Large 
precipitate. 
No ] recipitate 
min. 
precipitate 
min. 
precipitate 
Slight turbid. 


precipitate 
at once. 
Doubtful. 


precipitate 
min. 
Slight 
precipitate 
Good 
prec ipitate 


4 
40.0 
20.0 
20.0 
20.0 
10.0 
- 
10.0 5.0 0.5 
| 
5.0 9.9 LS 
| 
3.2 8.9 2.78 
2.0 
2.0 
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will seen that precipitation completely prevented when the 
ratio saturated salt solution albumose between 2.5 and 3.2: 
shall show later, very much smaller amounts 
the 

determined also the necessary proportion 
With this, ratio c.c. saturated solution gm. albumose 
allows only trifling turbidity adding the 


Gravimetric estimation the precipitates under the influence 


sodium have mentioned elsewhere that the precipitate 
per cent and allowing stand for day, weighed 
precipitate weighed 0.083 gm. ‘The substitution saturated 
NaCl for the c.c. water prevented precipitation entirely. 

Titration. After allowing the following mixtures stand for four days 


(b) Above, plus saturated solution sodium chloride. 

(c) Above, plus solution sodium chloride. 

chloride, and after standing hour, NaOH 

(a) requires 23.4 C.c. 

(b) requires 22.9 c.c. 

(c) requires 26.0 

alone requires 26.0 

binding has therefore occurred (c). 


The effect salts upon the precipitation albumoses formal- 
dehyde very different from their influence 
alcohol, for they favor the latter they prevent the 
reaction the albumose with appears capable scarcely any 
explanation, except that they enter into compound with the albu 
mose. This also favored the fact that certain quantity, 
rather than certain concentration, salt required prevent the 
precipitation. Yet this against the evidence St. Bugarszky and 
Liebermann, and against the result obtained myself (sce previous 
paper) mixtures albumose and have not yet inquired 


further into the phenomenon. 


3 
. 
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What becomes the bound alkali? the reaction the 
alkali with the formaldehyde, definite amount the alkali bound 
that neutral methyl orange. This amount perfectly pro- 
portional the quantity CH,O bound. The maximum binding 
which quite constant, however varying the conditions under which 
has been produced, the alkali for each gram the 
albumose the combination broken boiling with 
acid, the entire amount the alkali again liberated. Since the 
same amount alkali disappears when precipitation occurs 
strongly alkaline medium) plain that its disappearance not 
due its being mechanically retained the precipitate. Yet when 
precipitate occurs, this contains part the bound alkali, the 
quantity being proportional the the precipitation. 
The alkali therefore forms integral part the compound, which 
latter behaves toward acid. This acid apparently cannot 
exist free form. 


PROTOCOLS. 


are set aside twenty-four precipitate (which control (146) 


weighed dry) was washed running water for three 

acid were added, and the flask was set boil water bat 

two hours the solution was not quite was now titrated 
, 4 4 

back, and required only 1.3 alkali had been bound 

by the o.5 em. of original peptone. A control shows that the alkal ¢ 

bound the entire mixture under like conditions 3.2 The pre- 

cipitate therefore contains the bound alkali. 


No. the per cent peptone and per cent formal- 
dehyde were allowed for three was found that the 
mixture had bound 1.6 Half the liquid was decanted the 

other half was left the precipitate over The latter required 

acid reduce neutral. solution was apparent, and 


this probably corresponds the mechanically retained 


acid were now added, and the mixture boiled. Complete solution 
had been given the precipitate. 

the combination bear a simp relation to each othe: nd to the pepton | 


4 
5 
| 
2 
ra 
3 


The maximum bound under different condition 


Of alkali. 6. ° eC. 


Of CH.Q., 42 to 


amounts inder less favorable con 


perimc nts. 


appears, therefore, that 
explained that there reason suppose that 
peptone participates the reaction. This part 
important the present 

Just how much, however, enters into the reacti 
determine. maxtmum precipitation which 
the most favorable conditions, was one case 
0.403 gm. per gram the original albumose. Since 
related results were obtained under very different conditi 
former very long standing, the latter 
albumose with comparatively short standing, 
‘that the entire quantity the compound 
were the case, the formaldehyde albumose compound wou 
per gram gm. and have alkalinity 


ipitates boiling with acid letails these periments 


have already described. The content the 

invariably much greater than what would correspon 

ratio. This readily explained the 

The alkali liberated corresponded 11.9, and 21.2 
per gram the precipitate. These figures 


the first case the mixture was turbid, that the decom 


position was not quite complete; the second lay assume 
mechanical retention of-the they appro: 


the theoretical number lend compound, 


contains somewhat more alkalithan the original albumose 
comes near, however, that suggests the view that 


which fixed mainly the natural” alkali the 


0.0447 
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this true, follows that one equivalent albumose 
two equivalents CH,O. 


most interesting fact that the exact proportion the ingredients 
employed the combination occurs with extreme slowness, but 
very greatly when greater concentration any the ingredients pres- 
ent. was first tempted explain this favoring influence th: 
increased alkalinity the theory that the alkali-albumose compound 
mentioned the preceding paper entered more readily into the reaction. 


However, since the same favorable influence exerted greater con- 


centration any the other constituents, refer the effect 
alkalinity the same cause. believe that have here merely 
illustration the old phenomenon that concentrated solutions react 
energetically than dilute. great sensitiveness the present 


fact that the slowness the reaction permits follow more ac- 
curately. 


Before concluding this paper, may not amiss compare the 


formaldehyde reaction the albumose with that other proteids 
determined Benedicenti (1). 


CH.O bound | c.c. of alkali 
Alkalinity pet per gm. bound per 
> ym. In c.c. of | 
Proteid. 
normal solution 
methyl orange). 
Maxima. 


Gelatin, liquetied boiling 0.0135 1.0 


Gelatin, liquefied boiling 


Egg, white, fresh 0.00375 


Blood serum 


Fibrin. 


Casein 0.0059 


The albumose binds the greatest amount, both the formaldehyde 
and the the former respect most nearly approached 


the products formed from gelatin through bacterial action. 


: 
5 
5 
| 
| 
A 
£ 
0.2 
0.25 
> 
3.8 
vig 


interesting note that the combination proteid with 
always accompanied binding alkali. the ratio 


the two substances entering into the combination varies with the 


different proteids. does not appear depend upon the alkalinity 
the original proteid. The binding the two substances proceeds 
parallel with most proteids; but with gelatin and fresh egg-albumin 
the combination the alkali completed considerably that 


the formaldehyde. 


While this subject, deemed interesting investig 


also enters combination with was not 


the case. found that acacia gives precipitate with formaldehyde 


either naturally altering its reaction. sample 


for neutralization methyl orange 1.9 acid. 


position, neutralizing before adding the hydroxylamin, per 


ter standin 


— 


cent solution this acacia requires, 


formaldehyde for 


hour. 20.7 ex. of alkali. 


Four days, 26.2 alkali. 


Therefore none of the formaldehyde is bound. 


CONCLUSIONS, 


The addition formaldehyde weakly alkaline solution 
Witte’s peptone causes the formation precipitate which 
develops somewhat slowly. The precipitate dissolved boiling 
with dilute acid alkali, the solubility diminishing prolonged 
contact with the precipitant. The solutions give the general reactions 


the original proteose, and may reprecipitated reducing the 
reaction faint alkalinity. The precipitate contains chemically 
combined formaldehyde. certain amount the latter also 
retained mechanically, but that cannot removed prolonged 


washing and heating. 
Only about per cent the proteids Witte’s peptone 


participate the reaction. The primary albumoses are 


precipitated. 
The formation the precipitate occurs only within compara- 


> 


per gram peptone. The optimum reaction for 
alkali per gram. Precipitation also favored greater 


4 
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The reason for the non-precipitation the albumose with 
reaction the liquid lies the fact that combination occurs 
Increased alkalinity, the other hand, favors the combination 
but precipitation does not occur, since the compound 
alkaline liquids. 

The binding the associated with binding the alkali, 
the two entering into combination constant 
liberated the original quantity the compound decomposed 
the action acid. 

The combination favored greater concentration 
formaldehyde, albumose, and standing boiling. certain 
maximum reached which constant under whatever conditions 
has been produced. The combination prevented the presence 
neutral salts. 

One gram Witte’s peptone capable binding 0.0447 
and 6.4 appears probable that the com 
pound weighs 0.402 gm., that gram the compound contains 
gm. CH,O and 15.9 alkali. The ratio CH,O alkali 
two equivalents the former one the latter. Since the 
bound alkali probably the natural alkalinity the albumose, 
follows that one equivalent albumose binds two equivalents 

binding alkali also seen with other proteids, according 
figures. 

Acacia does not bind formaldehyde. 
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the present investigation upon the determination the 
the blood cold-blooded animals the method used 
given for measuring the viscosity the 

mammals. brief, the method consists determining the 


which measured quantity blood, under certain pressure, 


pass through capillary tube known are placed 
both carotid arteries. One cannula communicates with the capil 
lary, the other with mercury manometer. When the blood escapes 
from the capillary caught one the two triangular glass 
plates which are attached vertical lever and which move front 
the opening right angles the direction its lumen. 
glass plates diverge below, each one leading receptacle \fter 
one two drops the blood have dripped into one the small 
glasses, the lever rapidly moved the other blood now 
passes into the second receptacle, which weighed afterward, to- 
gether with the glass plate leading After about twenty-five 


thirty seconds the blood again directed into the receptacle used 


i i 
before. The movements the recorded upon smoked 


beneath the record Jaquet chronometer, beating fifths secon 


The viscosity coefficient K is obtained by calculation from the qu 
rravity, the blood-pressure, the durat 


> 


the blood, its specific 
flow and the length and internal diameter the capillary 
the present series experiments two were emp 


} 


The diameter each was measured with the aid the 


S ope 


and was determined again weighing columns mercury contained 


the lumen the tube (Table 
For capillary the following values were length, 249 


mm 
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diameter, 0.525 mm. and for capillary length, 254.0 mm., diameter, 
0.4955 mm. 
TABLE 


THE DIMENSIONS THE CAPILLARIES. 


Diameter. (mm.) 
Length. 


Capillary. 
(mm.) 


q 
Microscope. Mercury column. 7 


249.0 0.5250 


0.5260 


0.5252 


0.4950 
0.4962 


0.4951 


was now necessary determine whether with these capillaries 
values for the viscosity distilled water could obtained which 
would agree with the standard determinations given Poiseuille. 
The results are shown Table II. will observed that the 


TABLE II. 


WITH DISTILLED WATER. 


Coeth- | Coeth- 7 
ence b 
cient cient. 
dist. Poi- 

water. seuille. 


lary. ture mm. Hg. mg. 


Exp. tween 


and 


21.0° 1025.0 3375.5: 3316.0 
21.0° 


29.79 765.0 2415.95 342 3406.0 
26.59 703.0 3406.0 


34.40 2519.6 3470.0 3406.0 


0.5254 

| 

{ 

q 
| 

| | 

A 

4 B 22.0 + 23 

22.2 

4 


Comparative the the Blood 245 


coefficients, obtained with the above-mentioned capillaries, differ only 
little from those indeed, the ditterences are too slight 


importance. 


had intended first determine the viscosity fro 
blood both the warm and the cold season the year, but, 


captivity rarely show winter sleep and this sleep, were 


present, would more less disturbed during the experiments, 
have abandoned this idea for the Under these adverse cit 


cumstances which were increased anatomical was 


forced seek more uniform basis for the experiments 

The frogs were caught late the autumn. experiments were 
made the winter months, from November February inclusive 
frogs remained the laboratory for two days before the experi 

The specific gravity the blood was determined means 


small, curved glass tubes, having very thin walls and measuring about 


mm. diameter. The relative values were obtained weighing 


tube when empty and when filled first with water and then with 


blood. This was necessary because the quantities blood available 
did not permit the use the pyknometer. Even the withdrawal 
the cubic centimetre blood necessary fill very small 
pyknometer would very likely have brought about changes the 


| 
| 
7 
Rana catesh 
Arteria ischi t Curare. 5 mit We t, 270 
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When became necessary some the later experiments 
know the specific gravity before the determination the viscosit 
was begun, the chloroform-benzol determination, described Han 
was employed. This method reveals decided changes 
the specific gravity very clearly. 

first endeavored use two corresponding peripheral 
small size, one which could connected with the mercury 
ometer and the other with the capillary, but even the largest fro 
duce sufficiently large cannulas. With larger arteries, the ischiadi 
satisfactory results were obtained two bullfrogs. (See Table 

found the peripheral vessels unsuitable 
experiments seemed advisable use the These vessel 
are sufficiently large even small frogs. Generally, the left aort 
was connected with the capillary, while the right furnished the 


sure curve. make this method less open objection the cannulas 
were introduced near possible the dividing point 


truncus arteriosus. this way the arterix pulmonales were the 
proximal side the cannulas and the lesser circulation 


unobstructed. Furthermore, the peripheral circulation the right 


Zeitschrift fur klinische Medicin, 1892, xx, 444 
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Aorta Ether-nat Weight, 140 ems 
( SECS. mim. Ife. m q 
\ 1.0335 21.0 222.0 163.54 1515.2 
Curare,3 min. Weight, 130 gms 
A LOSS 21.0? 25.60 231.0 244.05 200) 2 
A L.O4S 20.5 24.71 255.0 265.15 q 
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side was not cut off until the experiment actually 
the blood was permitted flow through the capillary only trom 
twenty twenty-five seconds. this way the grave errors 
might result consequence the obstructions the circulation 
were excluded as is shown by the close correspondence betw 
result these experiments and those with defibrinated blood 

Table IV shows the results obtained in three expel 
blood the procedure just described. 

The five foregoing experiments, therefore, have given the follow 


ing coefficients 


considering these results, seems remarkable that, spite 
the apparent the blood the frog, the 
cosity coefficient 1300) almost the same that the 
rabbit explanation the fact that the viscosity 
frog’s blood not less than that the rabbit must undoubtedly 


sought the temperature. While the warmth the blood the 


former animal corresponds with the temperature 


media, the blood the latter constantly kept close 


This statement supported the following observation With 
every increase the temperature the viscosity decreases corr 
sponding manner the coefficients become larger. When the 


blood the frog was heated the experiments with 


wh 
fibrinated and oxalated blood, to be des« ribed on pages 25} to 25 
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the viscosity fell decidedly below that the 


then for the frog 1700 and for the rabbit 
the viscosity the frog’s blood determined 37° show 
the expected decrease, compared with the internal friction 
blood the rabbit. Under normal conditioas the frog never 
posed high temperature, and therefore the viscosity never 


the blood the frog therefore 2.4 times more viscou 
37° the viscosity distilled water 4696, that the frog 


blood (1700) therefore 2.7 times greater. 


Table shows further that the changes the specific gravity 


greater the specific gravity, the greater the internal friction and 


versa. This relationship may become indefinite, even 


the difference between two samples blood very slight; but 


the whole decided changes the viscosity are always betrayed 


equally conspicuous changes the specific gravity. 


Brom 


CURARE AND 
THE 


THE INFLUENCE 


course essential that the frog motionless while the 
experiment progress. attain this end ether curare was 


employed. The question arose therefore whether these agents change 
the viscosity the blood. impossible determine the vis- 


cosity the unnarcotized animal the method used this invest 


gation, necessary seeking answer the above problem 


rely upon comparison the specific gravity the blood the 


making this comparison, because the experiments with the blood 


warm-blooded weil those the present series upon 


the frog, show conclusively that very distinct exists 


tween the specific gravity and the viscosity. drawing 


these conclusions essential that the differences large. 


the experiments are now considering the specific gravity was 


determined means the chloroform-benzol mixture. The blood 


was withdrawn from the These vessels were 


isolated from the surrounding tissues, and raised that the blood 


R.: Archiv fiir die gesammte Physiologie, 


447-463 and pp. 464-473 


= 
32 
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could conveniently caught the vessel containing the chloroform 
benzol mixture. few drops blood were first allowed 


before the drop used was allowed fall into the 


three determinations were made. The wound was then 
the other arterv was used 


because the second withdrawal blood the other artery 


two three determinations again being made 


details the experiments with curare are given 


rABLE 


The same method was employed the experiments with ether 


The frogs were allowed inhale the vapor until 
sulted, because stages etherization marked change 
could obtained. The first two frogs were subjected second 
narcosis some time after the first with the result given Table 

Both curare and ether, administered specified manner, 
materially increase the specific gravity the blood the 
has been shown above, and earlier papers, that the specifi 
gravity and the viscosity usually run course, probable 


that the specific gravity increased curare and deep etheriza 
tion, the viscosity is also increased. This result cannot destroy the 


value the experiments with blood, 


increase takes place when ether and curare are employed, the co- 
the viscosity when the 


efficients are still correct. betray 


gravity possesses the indicated values 


specific 


because, even this 


CuRARI 
? 25 1.04] 1-2 20 44S 
3 110 1.035 
5 170 1.037 } 1.04] 
q 6 }20 1.032 } 1.0395 
7 
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VII 


L036 


1.033 


1.037 


determined the specific gravity about thirty frogs, varying 
size from twenty-five two hundred and ninety valu 


ranged from 1.033 1.050, the average being 1.037-1.038. 


property the blood bears relationship the size the 


THE VISCOSITY THE DEFIBRINATED AND OXALATED 


attempting comparative study the viscosity the 
blood and blood which had been kept fluid artificially 
defibrination, the addition some oxalic salt, was 
embarrassed various difficulties. All the experiments with the 
unnarcotized animal failed more less completely, and even 
had succeeded, the quantity blood remaining would not have 
sufficiently large for adequate number determinations 
latter type. Under these circumstances the specific gravity had 
taken the only indication for the viscosity the blood 

The blood was withdrawn from the the first 
being added from two three drops per cent solu 
tion potassium oxalate. Then the remaining quantity was 
withdrawn, but prevent dilution lymph more than 
c.c. blood were collected and defibrinated. 

The apparatus was arranged the following manner pressure 
bottle was connected means Y-tube with mercury man 
ometer and short wide glass tube which contained 
stopcocks being interposed each case. smail reservoir 


the blood could easily joined with the Y-tube the one side, and 


of frogs. } il. A val 
Normal narcosis narcosis. | 
ory min. min. 
2 160 1.037 50 1.0345 1.0375 60 1.034 q 
7 
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with the capillary the other. the ends the 
jected, the remaining portion being surrounded 
which water certain temperature coul Passe 
experiment began was only necessary open 
blood then being driven through the cap 
the vertical lever was collected the weighing-glas 
special arrangement prevent sedimentation 
because the blood was well mixed before being drawn 
tube. Moreover, the entire the 
receptacle was always forced through the 
ment. Finally, the duration the experiment 
much possible, the different determinations 


longer than from twenty-five thirty second 


materially increased when the blood left standing 


these experiments were always finished 


after the withdrawal, generally from three 


While the first two tables and IX) 


both the oxalated and the defibrinated blood 


table (X) gives only the viscosity of the oxal 


i 


The results this experiments 


as those obtained with the blood of the doe 


blood not all 


oxalated blood. While the addition 


friction perceptibly increased, the blood 


after defibrination. 
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TABLE 


me = 2 
7 3 = = 
~ = — ~ 


Oxalated blood 


~~ 


1.0455 3).2) 820.0 956.16 1158.0 


Defibrinated 


ood - - 


TABLE 


ight about 90 gms each. 


adding slightly more the potassium oxalate solution than 
absolutely necessary keep the blood fluid, the specific gravity can 
reduced normal again. This explains the insignificant increase 
the specific gravity the second frog, Table IX. 

the quantity serum collected from about blood 


small, only two three determinations could made, the tempera 
ture being frogs were used, weighing about one hun- 
dred and twenty grams 


4 
Rana cateshiana. 4 
Specific gravity “living blood, eight, 155 gms 
> 
7, | 
q 
Sp. gr. of Sp. gr. of 
normal oxaiated 4 
+ A 1.0365 1.0372 21.0° 32.43 686.0 913.05 1284.3 . 
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Pur Vi ISLEY OF THE Bhoopst 


1LO4S 
1.04S 
1.049 
1.049 
1.49 
1.0405 
can seen very readily that after the removal the solid parts 
the blood the viscosity undergoes only slight variations, com 
pared with the inner friction the This proves 
again that the somewhat far-reaching differences the coetticients 
the normal blood are largely dependent upon its solid con 
stituents, and lesser degree only upon the circulating nutritive 
elements: taken into consideration that the serums 
these experiments are slightly heavier than those with which 
the previous determinations were obtained,' the correspondence 
the coefficients will very evident. Thus, the blood serum 
the frog shows the same viscosity the serum the 
more than likely therefore that, when the temperature change 
this agreement will maintained. 
The experiments this group were undertaken for the purpose 
testing the question whether variations the temperature the 
blood produce the changes the viscosity observed 
under similar conditions. 
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The specific gravity was determined 5°, 37° 


tervening values were obtained calculation. The assumption 


made therefore that with every increase decrease the tempera 


ture the specific gravity suffers constant and entirely proportional 


change its value. 


The details the experiments weil their results are compiled 
Tables XII and Tables XIV and represent two 


periments with the latter cases the specifi 


gravity the blood was determined first. The remaining 
} 


il 


quantity was then defibrinated. this sample blood the 


ment the defibrinated blood second frog was added 


repeated determinations showed that the specific gravity had again 


been raised its normal value. The same result, have 


tioned previously, can obtained adding freshly withdraw: 


blood slightly more the potassium oxalate solution than neces 


sary keep fluid. The specific gravity was determined 20° 


EFFECT OF CHANGES IN ‘TEMPERATURI 


7OAO 


954.2 


\ 1.042 0 1.036 \ (140 1200.0 : 
1.033 
These results prove close correspondence between 
the frog and that the dog. When the temperature altered, 
the viscosity also changed, the higher the former the less the 
latter, and Besides, the differences the values the 
coefficients produced variations the temperature appear 


constant and proportional for every degree Celsius. 


254 
lary mm. cients. ence value 
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TABLE 


Pres 
sure. Mean 
mm. n value 


rat 
rature 


Te my 


1219.1 


6704 | 


OS5.04 1579.5 


773.94 


The less the viscosity, the greater are the differences for every de- 
gree Celsius. Thus, while this case rise fall produces 
corresponding change the viscosity about 200, this difference 
was only half large the dog. The reason seems lie the fact 
that the coefficients the frog’s blood must travel over 
numerical field reach the zero-value. 

the coefficients the frog’s blood range through about 
the same numerical field those the blood the rabbit. 
however, the temperature raised, the correspondence 
destroyed; the viscosity the blood suffers decided 
crease. Although the coefficients these experiments were obtained 
with defibrinated blood and blood raised its normal specific 
the viscosity-values obtained may nevertheless assumed the 
the specific gravity and the viscosity the defibrinated blood 
show great decrease compared with the living” blood, the 
coefficients still hold good for blood which under normal conditions 
possesses the specific gravity the defibrinated blood used these 
determinations. The average value the viscosity the blood 
the dog, derived from previous experiments, was 925, and that 
the rabbit was 1350. The preceding three determinations show 
that the blood the frog possesses the value about 1700 

The question now arises whether the viscosity suffers changes 
within the body when the frog exposed different temperatures 


if 
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Naturally, the specific gravity must taken 


possible variations the viscosity. 


Having previously obtained specifi 


which had been kept temperature 
determined after they had remained for 
They were then kept about for 
which the third determination was made. 

The following changes were 


XVI. 


THE VISCOSITY THE BLOOD THE TORTOISE. 


Having failed more less completely determining 


the “living” blood, present series embodies 


experiments with defibrinated blood. the last 
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defibrinated blood was raised the specific gravity the living 
blood the addition certain amount the corpuscular sediment 


the manner described previously. 
rABLE XVIII. 
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The changes viscosity are therefore largely dependent 


small. 
upon the normal solid elements the blood and only les 


degree upon the constituents the plasma. 

The specific gravity frog’s blood altered changes 
temperature which the frog placed. 

The specific gravity blood increased potassium 
oxalate, curare, and deep etherization, and diminished defibrination 
similar changes are observed the viscosity, considerable varia 


tions the specific gravity may taken index variations 


the viscosity. 
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THE OSMOTIC PROPERTIES 


SOLUTIONS. 


physical properties colloidal solutions have recently 


nished the object much 


the subject one 


which presents problems peculiar interest both the physical 
chemist and the physical chemist, because colloids 
yield type solution differing many respects from both dissociated 
and non-dissociated solutions crystalloids, the properties and nature 
which are still unknown most may said the region 
speculation. the physiologist this subject also full interest 
and importance because most the solutions occurring the body 
are colloidal until our knowledge the properties 
these has been increased can have little hope progress 
the study the chemistry and physics the cell. 

The chief characteristic colloidal solutions the large size the 
molecule compared with that the crystalloid solu- 
tion. The large molecule solution may due either the com- 
plexity the dissolved molecule itself has always been 
the case for proteid molecules, the aggregation several 
simpler molecules, with dissolved soap molecules, shall see 
the case from the experiments which record this 
the case with all colloidal solutions inorganic substances such 
silicic acid ferric hydrate. 

The weight such aggregate need bear simple relationship 
the chemical molecular weight the dissolved substance since the 
aggregate may contain many chemical molecules combined some 
physical fashion, and since have experimental evidence 


that all the aggregates solution are equal size, probable 


such hypothesis may hence convenient have some 
name for such colloidal aggregation solution, and since may 
consist many twenty thirty even more chemical mole 


molecule all and hence what follows shall usually refer 
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the solution upon the size and weight 
] 
i 


solution aggregate that the physical properties colloidal soluti 
depend and not directly upon those the molecular weight 
dissolved substance the usual chemical sense. 

obvious that the degree aggregation the 
stance may vary with many physical circumstances, such 
temperature, chemical reaction, presence absence 
varying quantity, and mode formation the colloidal 
that although the size the solution aggregate always large 
may vary within wide limits, and hence there are many grades 
colloidal solution. 

There is, fact, hard and fast line separating colloidal solutions 
from mono-molecular non-dissociatéd solutions. the origina! 
distinction, giving rise the terms crystalloid and colloid 
many exceptions, for the solid state many typical colloids suc! 
several vegetable, and some animal proteids, 
distinctly crystalline form, and there are numberless examples 
amorphous and gum-like bodies the solid form which yield 
solutions typically crystalloid character. 

Nor does the complexity the molecule given sul 
stance attended high molecular weight, necessarily give rise 
typical colloidal properties, for many substances high 
weight yield solutions, more especially with organic solvents, which 
possess typical crystalloidal characters, and the other hand many 
substances low molecular weight such the soaps and certain 
inorganic substances yield typical colloidal solutions, forming 
union large solution aggregates. 

hence possible, shall see, that many substances, 
the which have been the habit considering hope 


lessly complex chemical nature, mainly from physical evidence 
high weight, may owe their complexity chiefly 


aggregation solution. 


well bear clearly mind therefore that large solution aggre- 


ate and its accompanying physical attributes need not necessarily 


indicate corresponding molecular complexity the chemical sense 


also exceedingly difficult draw any practical way dis- 
tinction between crystalloidal and colloidal solutions which shall not 


absolutely arbitrary. 


The best one probably that Graham, that crystalloids diffuse 
through membranes while colloids not diffuse, but this 
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obviously purely arbitrary line division and merely involves the 
question the comparative size the molecules 
solution and the pores of the membrane used. | rr, as Traube has 
shown, membranes can constructed which retuse passage even 


the ions dissociated solutions, even the case typical 


colloids, passage given certain membranes and others, 


although there are not either case openings which can seen 


under the highest microscopic powers. Thus, the facts 
prove that the capillaries all regions the must treely 
permeable to the proteids of the plasma, but pat hment paper or a 
membrane impermeable those same Again, 


the same membrane, say parchment paper, chosen the standard 
will found permeable various forms albumose, dextrins, 


and certain gums which obviously unscientific exclude from 


the colloid class, since they resemble the other members that class 


many physical attributes, notably giving concentra 
viscid solutions which froth upon agitation. 
Thus obviouS that there demarcation between crystal 


loidal and colloidal solutions, but rather that the typical properties 


} 
i 


the colloidal solution gradually develop with the growth 


the aggregate solution. 


> 


When the growth the solution traced towards the 


other extreme toward which it passes, Viz the emulsion, it become: 


apparent that here also there abrupt transition, but that 


imperceptible degrees the solution aggregates first interfere with 


~ 


the shorter wave-lengths light giving bluish opalescent solutions 


seen typically dilute solutions caseinogen, then 


become yellowish as in more Cone entrated solutions where the a re 


gation greater, later dull white opaque, and finally yield 


emulsion with fine granules visible under the 
Accompanying the gradual growth the solution aggregate there 
are certain changes the physical properties the solution which 
they develop clearly mark off the typical colloidal from the typical 
solutions. characteristic phenomena appear, while 
certain the most properties crystalloidal solutions 


fall within the limits experimental error entirely 


63) have shown that several the 


with the same 
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Thus colloidal solutions are viscid, the viscidity increasing wit! 
the concentration until gums are obtained; hence they form tena 
cious films, froth agitation, and conserve Furthe: 
they separate supersaturation, alteration the physical con 
ditions their solution, into two phases the properties which 
recently been investigated Hardy,' who sees such 
into two systems, one rich and one poor colloids, probable physi 
cal explanation the mode production the histological 
protoplasm, one phase forming the reticulum other the 
hyaline spaces. Under certain conditions, which will referred 
later, the separation occurs granular form, while other cases 
gelatinization takes place. These are some the new properties 
which colloidal solutions acquire the growth the solution 
gate, but the same time other properties, namely those connected 
with the osmotic pressure, such lowering freezing point and 
vapour pressure, become depressed fall within the limits 
experimental is, indeed, obvious, since these vary inversely 
value the molecular weight solution, that they must 
depreciated proportionately the degree aggregation; but 
becomes important question whether they are merely depressed 
entirely disappear when the solution aggregate attains certain 
size, and this question which one the most important 
concerned our experiments that must now turn. 

The question issue whether solution aggregate consisting 
many chemical molecules, physical combination, behaves like 
molecule crystalloid solution, and exerts osmotic pressure 
perfectly inert, were merely suspension, with none the 
the does behave like dissolved molecule, 
observed osmotic pressure will small, for the pressure 
tional merely the number molecules unit volume, what 
termed the concentration,” and independent the 
weight the molecule, and the case colloidal solution hence 
would probably independent the size the solution 
Accordingly the indirect methods observing osmotic pressure 
which depend upon small variations, such lowering freezing 
point and raising boiling point, might have been expected, 
the hands most observers given results which they agree 
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falling within the experimental errors the method. the 
estimations osmotic pressure have given readings 
which have been interpreted the observers showing osmotic 
pressure due the dissolved colloid, but there 
minds others, great difficulty accepting these results 
account the question associated crystalloids. have attempted 
perform some work towards the solution this problem, which 
shall revert after stating some the results obtained 
found the lowering freezing point col 


| error, and in the 


workers. Sebanejew 
loidal silicic acid within the limits experimenta 
case egg-albumin found with percentage 15.6 depression 
C., and with 30.35 per cent solution, depression 
0.042 C., but the inorganic constituents present were 
sufficient account for these depressions. 

estimated the difference lowering the freezing 
point the serum the horse before and after coagulating the 
proteids heat and removing them, and found that the 
amounted only C., figure which again lies within the 
limit experimental error the method. 

found that even per cent gelatine solution did 
not perceptibly alter the boiling point from 

Picton and measurement copper ferrocyanide 
cell the osmotic pressure per cent solution colloidai 


arsenious sulphide, obtained pressure only mm. water, 
solution. 

and both found that removal the proteid from 
albuminous fluids had effect upon the osmotic pressure 

Krafft and found that three parts gelatine dissolved 
thirty parts water solution which had exactly the same 


point the water 
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the case sodium and potassium soaps, Krafft! and his 
workers found different results. according the concentration 
the soap solutions the case dilute solutions con 
taining one per cent and under, very variable results were 
the boiling-point readings under apparently identical conditions 
and the authors were unable assign any reasons for the contra 
dictory results. Thus, some cases, with these dilute solutions 
result was obtained indicating apparent weight 
solution less than the chemically deduced mono-molecular weight, 
and hence pointing dissociation, and other cases solu 
tion molecular weight much higher than that the mono-mole 
cule and pointing example, one experiment 
solution neutral sodium stearate water containing 1.24 per cent 
gave rise boiling point C.) which led molecular weight 
162, the chemical molecular weight sodium stearate being 
while another similar experiment with solution containing 0.64 
cent, which ought, one would expect, more dissociated, led 
molecular weight Similarly the case sodium oleate 
two solutions almost equal strength was found 
that while one solution containing per cent led molecular 
weight 177, another solution containing per cent led 
molecular weight 366, both solutions being quite clear from any 
cloudiness. Obviously reliance can placed upon such 
results indicating either dissociation aggregation. 

the other hand, Krafft and his fellow-workers obtained con 
cordant results the case strong solutions these soaps, which 
showed that the apparent molecular weights enormously 
with the strength solution, pointing here the fact that such 
concentrations the soaps pass into the colloidal condition. 

Thus solution sodium palmitate (mol. 278) containing 
3.14 per cent gave apparent molecular weight solution 
solution containing 7.66 per solution molecular weight 
lying between and per cent, was found that the boiling point 
actually fell back that pure water, showing, according 


und Berichte der deutschen chemischen 
paper (Berichte, 
per cent solution potassium 


greater apparent molecular weight 
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that then the soap was present typical colloidal solution 


not affect the boiling point this physical property disappearing 


il 


when the solution became typically colloidal the soaps 


are really present colloids these concentrated solutions, further 
evident, according Krafft, from their increased viscosity and other 
accessions the usual typical properties colloids. 
ease contrast, may state that our results direct 

urement osmotic pressures soap solutions agree 
Krafft that soaps can behave true colloids, but disagree 
this being only true for solutions, for, even with half per 
cent solutions, above have observed that all 
the typical properties colloidal solutions, such viscosity, froth 
ing, and power retaining emulsions suspension, still persist; 


further, the soaps such strengths not pass through parchment 


paper, they undoubtedly would they were present, either disso 


ciated mono-molecular and finally the osmotic pressures 


recorded are only from those required for 


solutions. ] al ‘ oh the pre SSuUFes SO ret orded are small, lhe} 


are perfectly hence from our experiments not con- 


clude that this group allied physical properties really disappears, but 


¢ + 


merely that these properties become depressed that all those giving 
small constants for measurement, such lowering freezing point 
and raising boiling point, fall within the limit experimental 
while the direct measurement osmotic pressure, giving rise 


does large readings, can still made. 


This point is, course, fundamental importance the nature 
of colloidal solution, in dec iding whether colloidal solution consists of 


hat 


matter condition entirely different from 
solution whether can satisfactorily explained increased 
molecular 

the results great extent due the smallness the variations 
temperature being measured, which also probably explains their great 
variability from one experiment another. The objections taking 
the results our experiments dilute solutions soaps indicative 


been directly 


The osmotic pressures proteids blood serum 


measured who used for this purpose mem 
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brane, and for outer fluid, proteid-free fluid obtained pressure 
filtration through gelatinized Chamberland filter.! 
his earlier paper this author found that the osmotic pressure 


the serum proteids amounted 30-40 mm. mercury, and his 
later one with serum containing 7.5 per cent proteid obtained 
pressure mm. mercury somewhat less than mm. 
mercury for each per cent proteid. 

Starling also experimented with serum which the percentage 
proteid had been increased either pressure filtration through 


gelatine membrane immersion dry gelatine the serum, 
and found that the osmotic pressure obtained was directly propor 


tional the amount proteid present. 

The question whether the osmotic pressures observed are due 
the proteids associated traces crystalloids left 
undetermined previous observers the case 

The determination the osmotic properties colloidal solution 
surrounded great difficulties, and unlike the similar determinations 
the case crystalloidal solutions, only the direct method 


measurement that reliable results can expected. the case 
the crystalloids the experimental difficulties the preparation 


membranes which shall completely impermeable the dissolved 
substance are enormous and hence the direct method can rarely 
employed, but the indirect methods, viz., lowering freezing point, 
and raising boiling point, yield results from which the osmotic 


pressure can readily calculated with fair approach accuracy. 
the other hand the differences freezing and boiling point, even 
with concentrated solutions colloids are infinitesimally 
that reliance can placed upon these indirect methods for calcu- 
lating the osmotic pressures such solutions. Further, impos 
sible prepare colloidal solutions uncontaminated least traces 
associated crystalloids which, virtue their much lower 
lecular weights solution, affect the readings correspondingly more 
than the colloids, and impossible, because the presence the 


colloid, determine the amount such extraneous crystalloid mate 
rial with sufficient accuracy deduct the effect due its presence 
from the result. 

Since the direct method determining the osmotic pressures 
colloidal solutions appears then the only one present avail- 


able, may next turn the discussion that method and examine 
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the difficulties the way its application and the criteria whi 


can furnished whether the readings obtainable are really 
to the dissolved colloid or to associated crvstalloid. 

The desiderata any membrane employed for direct measurement 
osmotic pressure colloids, are that shall pertectly per 
meable for the solvent, usually water, and also for 
which may present common solution with the colloid, while the 
same time perfectly impermeable for the Under such condi 
tions, osmotic pressure manifested the and the 
total osmotic pressure manifested due the colloid, and hence 
from the reading and determination the percentage colloid 
present the solution the weight the solution 
colloid can readily calculated. 

The question the impermeability the membrane for the dis 
solved colloid one which easily settled allowing osmosis 
for prolonged period, and then testing for traces the colloid 
the outer fluid. Membranes are easily obtainable which this 
condition, for colloids solution not penetrate mem 
branes consisting insoluble colloid. Such colloid 
parchment paper which have chiefly used membrane, and 
after days osmosis have never found trace proteid the 
outer fluid the most delicate known tests even after concentration 
the outer fluid small after allowing for dilution 
due osmosis, the same amount colloid has 
within the osmometer the commencement the experiment. 

much more difficult obtain satisfactory evidence that the 
condition perfect permeability for crystalloids simultaneously pres 


ent solution being satisfied any given experiment, and this 
fact which has caused many observers look with distrust upon fig- 
ures obtained the direct method for the osmotic pressure colloids. 
Different crystalloids possess very dissimilar velocities 
and hence while some diffuse with such readiness assure the 
observer that they have effect upon the result obtained, others 
diffuse slowly, indeed they pass through the colloidal 
wall all, that impossible get rid them the 
longed dialysis which practicable, and hence other means 


sought determine whether the osmotic 


due their presence acting alone 
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The first method which suggests itself getting rid the disturb- 
ing effects crystalloids that obtaining outer fluid solvent 


which shall contain exactly the same crystalloids identical concen- 
tration, and thus exactly balance the pressure the crystalloids upon 
the two sides the membrane that only the unbalanced pressure 
the colloids upon the inner side becomes apparent the manometer 

Unfortunately this method fails when attempt made apply 


it. Two procedures suggest themselves the preparation such 


solutions, isotonic regards their dissolved crystalloids. 
destroy the colloid solution, either coagulation and filtration, 
incineration and dilution the ash the original volume dis 


tilled water, and use this outer But such processes are 


rendered futile, first, the fact that coagulation those very crystal 
loids which diffuse slowly, such the calcium salts, are thrown out 
solution with the coagulum colloid either mechanically 


loose chemical combination, that there remains behind merely 
hypotonic solution containing those readily diffusible salts which 
only temporarily interfere with the pressure even when distilled 
water used the outer fluid. Secondly, incineration alters the 
character the salts, and hence the total osmotic pressure, and 
renders some constituents insoluble, while volatile salts and organic 
crystalloids are removed, that the solution obtained means 
isotonic crystalloids with the original solution. 

The second method which has been followed the attempt 
tain fluid which isotonic regards crystalloids appears first 


sight more feasible. consists filtering the colloidal solution 


under pressure through colloidal membrane, such gelatine sup- 


ported porous earthenware wall.! 

has been shown experiment, however, that this method like 
wise fails yield solution which isotonic 

The water and easily diffusible salts, such chlorides 


bonates, filter through with equal ease the solvent, that the 
concentration these salts solution remains unaltered the fil 
trate, but number the other crystalloids, which are just those that 
constitute the difficulty the case, pass through much more slowly 
than the water, that these are more dilute the filtrate, which 
accordingly hypotonic total 
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Suc h procedures do not ar cordingly help uS ll 
of whether colloids r¢ ally possess an ¢ motic 
whether the pressures observed are due the crystallo 

The importance this question further emphasiz 
found experiment that even after the crystalloids have 
moved completely possible weeks dialysis against 
water, our experiments recorded below upon egg-albun 


still remains enough ash the proteid thrown out 


heat coagulation account, when its 


been calculated, for the total 


ter remaining after longed dialysis very closely 
proteid, all the more soluble salts such chl 


phosphates having been removed, shown 


the fluid both inside and outside, and rown out 
whenever the proteid precipitated. The oft-discussed 
here again involved, this inorganic 

proteid molecule 

have attempted obtain some positive 
points the size the solution 
the action reagents which leave unatiected 
diffusible or feebly diffusible salts in solution 


If, while the amount colloid solution remains unal 


size the solution broken 


recorded, this really due 

ingly, because the molecular concentration, 

cules per unit volume, and hence the osmotic 
the other hand, the pressure observed were due 
then, since the amount such 


experiment, the pressure ought 


production more colloidal 
volume, but rather decrease the 
freely diffusible the process breaking 
aggregates. 

test this point, the osmotic pressure 
serum was recorded two experiments one after the other, 
ings and mm. mer ury respectively were obtained. 
serum was then converted into alkali albumin adding 
quantity ten per cent caustic soda solution 


caustic soda solution was next added 
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osmotic pressure were again recorded when values 110 and 
105 mm. mercury were obtained. second similar experiment 
with second quantity reading mm. mercury was 
recorded after alkalization. Such result can, our opinion, only 
arise from splitting the solution aggregate the coagulable 
proteid into smaller aggregates approximately one-fifth the weight, 
for even had there been any error the quantity caustic soda 
added inner outer fluid, this salt freely diffusible and would 
soon have equalized the two sides. Also, since other crystal 
loid was added the experiment, the result appears show 
that the pressure readings obtained are really due the proteid 
solution. 


METHOD. 


The The original form Dutrochet pre- 


sents certain advantages over more recent forms which have induced 
use our experiments. the first place, very thin membrane 


can used which increases the rapidity working. Secondly, the 
convection currents set the two surfaces the membrane cause 
constant natural removal the liquid wetting those surfaces, which, 
hastening the establishment osmotic equilibrium, dispenses with 
the necessity employing artificial rockers shakers. 

The chief disadvantage the Dutrochet membrane 
liminary experiments was the difficulty insuring, for quantitative 
work, that there was leakage around the attachments the mem- 
brane the rest the very disappointing using 
the usual methods attachment find the end experiment 
which may have lasted for two three days that some minute leak 
age, spite all initial care, has vitiated the result, shown the 
presence colloid the outer fluid. 

After much experimentation upon methods securing efficient 
attachment, determined abandon the use glass 
altogether, and constructed one metal, which the leakage 
culty was entirely overcome screwing the membrane against 
rubber ring between two metal flanges. 

This instrument have found work possesses the 
great advantage that experiment can started few minutes, 
while there absolute security against leakage, for have 
detected trace colloid the outer fluid, even after days stand 


All chemical action the solution upon the metal excluded 
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thickly plating the brass body with silver, 
inner surface with 

The design the instrument shown section the accompany 
ing consists hemispherical receiver, which has tubular 
continuation its upper pole for connection with the manometer, and 
broad flange around its circumference, which has narrow 
groove, let into its under this lies somewhat 
thicker rubber band, against the under surface which the membrane 
tightly pressed. The pressure equally applied means tour 
screws (two which are shown the section) passing through four 
equidistant holes the outer part the flange the 
engaging four similar but threaded holes heavy ring 
similar dimensions the fitting the instrument for 
experiment, the membrane parchment paper cut the outer 
diameter the and the position 
the screw holes marked with pencil; 
openings opposite the holes are punched 
out, and the membrane 
laid evenly over the rubber ring; then the 


screws are inserted and screwed home, 


and the receiver filled with the solution. 


Connection next made with the man- 
ometer means piece barometer 
tubing thick wall bore. 
The barometer tubing covered its end piece 
tubing, which allowed project about half centimetre over the 
end the glass tubing. ‘The size glass tube chosen 
when covered the rubber tubing the end can pushed exert 
ing pressure into the opening the brass tubulure the receiver; 
this manner tight and efficient joint remaining 
filling the connecting tube easily attained the degree 
movement which possible the stretched membrane. can 
easily pressed little when the fingers are applied underneath 
pipette filled with the solution then applied the open end 
the tube, which the solution within has been raised the pressure 
the fingers, and this pressure being removed and the top the 
pipette ing simultaneously opened, the contents the 


the membrane falls back beneath the pressure. 


pipette run 
i i 


the earlier experiments which addition obtaining the 


final maximum pressure, desired, observe the initial velocity 
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diffusion through the membrane, employed manometer long 


straight piece barometer tubing behind which was placed centi 


metre scale. The pressures were recorded the solu 
tion, and these were afterwards reduced mercury 


this way the volume diffusing was increased, and hence 


experiments found quicker and more advantageous use 
ordinary Ludwig’s mercurial manometer rather narrow bore, the 
style which recorded upon smoked drum revolving the rate 
about one centimetre two hours. this method tracing was 
obtained the rate rise pressure. The velocity rise 
practically constant, producing inclined straight 
ing, but later this becomes asymptotic the base line, showing 
that the maximum pressure has been reached. 

The membrane. membrane have used has been most 
cases parchment paper. Such membrane has the advantage 


being preparable few moments; very constant texture 


and thickness, that the results several experiments are strictly 
comparable; absolutely impermeable the colloids have 
tested, under the conditions which have employed it, and 
hence must give true records the osmotic pressure, 
rapid action. have further tested the readings obtained 
when such membrane used under the conditions our experi- 
ments performing otherwise identical experiments with different 
pieces membrane, and have found very close readings final pres- 
sures and almost parallel figures for velocities diffusion, 

further advantage which such membrane possesses over gela- 


tine membrane that can employed for determinations high 


temperatures. great importance the case colloids 
such the soaps, which are only appreciably soluble water 
temperatures C.to these temperatures, gelatine 
membranes are course useless account the high solubility 


the gelatine. 


RESULTS. 


The following tables give summary the results obtained with 


the various colloidal solutions with which have experimented 
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Experiment the pressure given the maximum noted after 
the pressure gradually dropped mm. mercury may 
taken the greatest error, due difference per cent con 


centration sodium chloride the two Since there was 


anything greater than this difference the analysis the inner 


outer fluids for sodium chloride the subsequent experiments, may, 


think, taken that the disturbing influence crystalloids 


analysis gave: Inner fluid, per cent; outer fluid, per 


cent; outer fluid, per Experiment per cent 


outer and inner Experiment 12, 0.705 


0.700 per cent outer fluid. 
The dialyzed white egg used Experiments and 
sausage tube parchment paper, 300 the undilut 


egg-white for nine days against running tap water, and then 


changed distilled water through which air was bubbled stirrer for four 
days precipitated globulin and membranes were 


off and the filtrate used for the analysis the 


tained this dialyzed solution, after coagulating, drying, and incineratin 


gave the following results 


Total ash 0.0490 per cent; per cent; MgO 
cent; SO, per cent; 0.0034 NaCl= 
cent; per cent. greater part the ash was 


out coagulating the The osmotic pressure given even 
these small traces amounts from mm. 
approximately without for any dissociation. will 

that nearly all the ash consisted sulphate phosphate and 


The percentages proteid given were obtained causing coagulation 
the presence acetic acid, and weighing the coagulum 


constant weight tarred filter all cases the determination 


proteid was made the filtered inner fluid after but 
was the precipitation globulin either serum white egg con 


> 


siderable one. 


° 
q 
7 


2. Same as in No. | 


Inner fluid the same 
by | pet cent caus 
outer fluid per cent causti 
la,and 0.75 per cent 
ed water 


Note. these experiments trace 


albumin respectively were found 


smaller percentage proteid 


sary dilution with the caustic alkali 


the calculation the solution 


EXPERIMENI 


Half er cent sodium « 


against distilled water 


cent s 


ilnst 


Half per 


q 
‘ 
FABLE 
Maximum 
Nature of inner and rature res 
nner t 
mercury 
Inner fluid sheep’s serum 
outer fluid cent 
saline Is 2? O65 
4. Same as No. 3 QS 3.08 11.03% 
q | 
4 
} 
fon 
and outer ; 
mmm. of soap dis lyre t ite 
thuids 
mercury solve tos 
oleate against distilled water 7.2 3.0 15.674 
Half per pal 
mitate 
q 
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Note. soap solutions did not contain any obvious matter 
the temperatures the experiments. ‘There were 
the outer fluids evaporated down dryness the cases the 
mitates and stearates. But there was slight trace organic matter 
the case the oleates after about continuous dialysis, not 
cient amount determine whether was oleate 
entire amount each soap was recovered the 


evaporating dryness 


EXPERIMENTS PERITONEAL 


Experiment 1. Sheep’s serum against distilled water, with fresh peritoneal mem 
brane of the ox as dialyzer. The pressure fell in twenty hours from 9.3 em. of 
the serum toS.6cem. At no period was there a rise, and the outer fluid at t 
end the experiment gave the proteid reactions. 
Experiment Conditions similar: sheep’s peritoneal membrane Pressure 
2.9 cm. to zero. Proteid in outer fluid 
Experiment Conditions similar: membrane from fell from 
to zero. Proteid in outer tluid. 
Experiment 4. Sheep serum against distilled water, sheep’s peritoneal mem! 
previously extracted with ether and washed remove proteid. Pressure 
from +.1 cm. to zero in forty-two hours, and there was proteid present in the « 
Note. The was slow these experiments indicate that there 
leak the membrane, that the experiments show 
peritoneal membrane permeable proteid. 


Discussion RESULTS. 


The results given these tables may considered 


points view; first, regard the physical properties colloids 
solution, and, secondly, their bearing upon the passage 
substances solution through living membranes. The experiments 
alkalization serum, which show such marked rise 
pressure, indicate that the pressures observed are 
due, all cases, the dissolved proteids. 

Assuming this true, striking result obtained the variation 
aggregation the different proteids and the ease with 
which this physical property aggregating changes with the con- 


ditions solution. Thus the aggregate” the case 


q 
7 


Lhe Osmotic Propertics Colloidal 


sheep’s serum four five times great, under similar conditions 


> 


that egg albumin. 


€ 


Further, the aggregation practically doubled the case egg 


aD 


albumin dialyzing off the salts, and this not due 
any osmotic pressure arising from differences 
inorganic salts the inside and outside tor the percentages 
sodium chloride these was found analysis practically iden 
tical the conclusion the experiment each 


for, the first place, 


~ 


result due precipitation 
centage globulin egg white many times too small 

for the difference, and, the second place, the experiment 

made each case with filtered ids, which the percentage 
proteid was afterwards determined, that this source 

not introduced. 

variation the solution aggregate with the nature the 
solvent somewhat important, since indicates that the 
physical methods determining the lowering the 
osmotic pressure measurements. 

is, however, the degree aggregation that the osmotic pres 
sure and other physical properties colloidal solutions depend, ind 
hence, far the behavior proteids the cell and building 
protoplasm concerned, this constant probably more value than 
the weights the various constituent molecules which build 
the solution aggregate. 

There experimental reason for believing that the 
their chemical constitution, and differences 
coagulable proteids might easily arise from the formation means 
different physical combinations different solution 
The differences which coagulable proteids are present 
depend chiefly differences solubility, water, and 
different strength and quality, upon different temperatures 
coagulation. 

These are points difference such might arise trom the 
somewhat differently arranged, aggrega 


> 


into 


simpler chemical molecules. Thus the proteid molecule may 


made appear complex and large, more from physical 


than from chemical complexity. The small percentage 


ments sulphur, tron, calcium, present may also casi! 
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plained the supposition that these elements are present only 
small number the chemical molecules which unite 
solution 

This view that colloidal solutions are dealing with the phys 
association considerable number chemical molecules forn 
molecule unit, derives support not only from the 
variations the molecular weight the same proteid 
solution under varying conditions the solvent, but also from the 
determinations the osmotic pressures soap solutions given above 
Table 

the case proteids, the chemical molecular weight unknown, 
and hence possible that variations osmotic pressure might 
due chemical dissociation, but the case the soaps the 
constitution well and definitely known, and hence when the read 
ings osmotic pressure lead molecular” weight 
lying between twenty and sixty times the value the chemical 
molecular weight, some such explanation that given above 
presents itself with much greater force. 
There are course other explanations the low osmotic pressures 
obtained with soap solutions which may worth putting forward for 
discussion. the first place, the low values are not due partial 
permeability the membrane soap molecules, for even after days 
dialysis soap found the outer fluid. 

second explanation which might suggested that the soap 
not solution but merely suspension the beginning the 
periment, further undergoes dissociation into acid soap 
free fatty acid and alkali, and, the alkali freely diffusing through 
the parchment membrane, the amount dissociation goes 
creasing until finally nothing but insoluble free fatty acid 

may replied this, the first place, that the solutions the 
temperature which they were tested the osmometer were quite 
clear from suspended particles and had merely the faint 
seen most organic colloidal solutions, and that there were 
particles visible under the microscope, that the soaps must have 
been truly colloidal solution the carbohydrate starch 
glycogen solution the proteid caseinogen solution. say 
Any marked dissociation into free fatty acid and alkali only occurs 


hose en ploved by us 


dilutions greater than 


i 
4 


that such suspension merely begging the question issuc 
ince true and definite osmotic pressure show 
Further, the solutions remained clear the end the experiment 
temperature equal that the experiment, showing that 


separation dialysis had taken place; the amount 
present after incineration the soap the 
ment the inner fluid corresponded that demanded 
for neutral soap, and finally there was alkali alkaline 
carbonate the outer fluid 

any separation dissociation into insoluble free fatty acid 


acid soap and free alkali alkaline carbonate had occurred 


experiments the free alkali carbonate would have through 
the parchment membrane while the free fatty acid insoluble acid 
soap would not have passed through but, above were 


not able demonstrate any alkali the outer fluid even 


evaporating down bulk. This point was still further teste 
adding one per cent free caustic soda, each case, hall 
per cent solution sodium stearate inside and distilled 
outside, that any possible dissociation should depressed the 
presence excess free alkali; the result was the other 


small but definite osmotic pressure many times lower than that 


demanded the chemical molecular weight. 


- | } AN? sah) ] ‘ 
We are hence inclined to think that no appreciab adissocia n 
occurred the soiutions used for our experiments, and 
that the small pressures observed arose from aggregated groups 


soap molecules colloidal 
Another view which might put forward that the soap 
two phases and that the pressures observed are due 


} } } 


small fraction the soap which lorm 


one phase, viz., that soap dissolved water, while the 


the soap present multi-molecular aggregates which solu 
tion water soap exists, and that these multi-molecules not 


affect the osmotic pressure because they behave solvent and 


hence lie inert the interspaces the weak solution soap 
According this theory small fraction the soap would really 


1 1 


dissolved the water the inner fluid, and hence the observed 
osmotic pressure would only correspondingly small fraction 


that theoretically calculated 


Against this view may argued that, the first place, there 


obvious separation into two phases, and the second 


q 
q 
q 
‘ 
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extremely improbable that mono-molecules the soaps, 
account their small molecular weights, would not pass through the 
pores such free membrane parchment paper. 

such mono-molecules soap did exist, more than probable 
that they would act crystalloids, would pass freely through the 
membrane, and hence could give rise osmotic 
only the aggregation many molecules into such solution 
aggregate have described above, that are capable con 
ceiving the soaps acquiring the property indiffusibility through 
such pores exist parchment paper and give passage such 
large molecules those the albumoses and dextrines. 

fact, our experiments did not expect find 


1 


such aggregations nor that soap solutions would prove such 
perfect colloids completely fail pass through parchment 
began with the intention working out the comparative diffusi- 
bility soaps pure aqueous solution, and solutions bile salts 
respectively, when were met the outset the experimental 
result that soaps not diffuse all even 
such membrane parchment paper, and hence turned aside 
investigate their osmotic 

The formation such solution aggregates have been con- 
sidering above also interesting connection with 
changes which the cell causing the formation protoplasm, 
and the deposition solution granules the cell, since indicates 
that purely physical aggregations may take 
narrower the word. Under the conditions existing the 
cell, materials absorbed may built into physical aggregations with 
those already present, and the nature such aggregation will vary with 
the nature those already present the cell, that different 
cells different types may arise and give rise different reactions, 
for the the aggregate must vary with the nature the 
aggregation, and decomposition different types aggregates must 
yield different dissociation substances. absorption 
cell must favored such process aggregation absorbed 
products those already existing the that absorption may 
continue, account the absorbed substance being present 
longer the cell; hence the concentration given substance 
inside the cell kept under that outside the lymph, and absorption 
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deposition fresh 
the fibrils and reticular netwo 
formed. 
solutions the continuous increase 


when the conditions ch: 


just crystallizing from crystalloid 


tion vives rise magma small crystals, while 
rise smaller number large ystals, 


tion more rapid formation 


+ 


number smaller which 
one another form apparently homogeneous mass 
slow formation results granular deposition 
tion gives origin jellies this respect 

loid solutions differ markedly, 


large aggregates, and become precipitated out 


aggreg 
granular form, while others have tendency form small 
proportionately greater number, and tend specially form 


hydrogels. Analogous results are solutions crystal 


from some which large crystals are obtained with 
others only micro-crystals can formed under any 


When solution from which small crystals have 


ie smaller ones, so tha 


17.) 


hydrogels, for these many instances tend 
particulate standing, although subjected 
agent. This exceedingly well seen the case 
which have worked; even one per cent 


stearate made boiling point will 


per cent solution will form which 


and which anules are 


but standing for 


the bottom the 


} 


e crystalloid, at expense ot the sn 
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favored strong solution and rapid cooling, 
favored weak solution and slow This 
also seen when the degree aggregation increased heat coagu 
lation; when this occurs strong solution the precipitate more 
gelatinous, when weak solution more granular. 

The change the opposite direction towards less aggregation 
also interesting; shown our experiments alkalization 
serum, the solution aggregates become reduced size about one 
fifth. Similar changes are seen the case the complex carbo 
hydrates, the action acids alkalies, and probably the digestive 
enzymes cause similar separation. result these inverse 
changes, the dissolved substance finally approaches passes into 
mono-molecular crystalloid type solution, may even become 


BEARING RESULTS FORMATION AND GLOMERULAR 
Activity. 

conclusion, may briefly criticise the applications which have 
been made the osmotic pressure proteids the processes 
lymph absorption and glomerular activity. 

who has obtained his measurements osmotic pres 
sure higher results than those which here record, viz., about 
mm. mercury for each per cent proteid, mm. for 
average serum, claims that this pressure has great importance 
influencing lymph absorption and glomerular filtration. 

Starling’s argument briefly is, that the walls the capillary blood 
vessels act membrane which more less impermeable 
proteids. 

Thus the osmotic pressure the proteid, though small compared 
that the crystalloids, becomes effective, and causes absorption 
lymph the capillaries. degree capillary permeability varies 
different parts the vascular system, according Starling, being 
probably greatest the liver and the limbs. This conclusion 
drawn from the fact that the resting limb lymph can ob- 


similar phenomenon, probably also due the formation aggreg 
here rapid cooling gives translucent mass small aggregates, homogencous 
under the microscope, while slow cooling gives rise granular sometimes 
crystalline mass large aggregates. 


Loc. cit. 
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from the lymphatic trunks, and from the tact 
passage through the capillary walls 

opposition this the theory put torward 
recently supported the work and 
secretion formed proportion the wants and 
and voverned the condition the cap 

amount osmotic lue protetds 
absorption Ivmph the vascular capillaries, 
between the fluid inside (blood plasma) and that out 
and se ondly upon the degree t permeability t 
there equality concentration the two 
osmotic pressure manifested, if, the other 
difference concentration the two 

the osmotic pressure due proteid, 
the degree permeability the cay 
total available pressure, case the walls wet 
proteids, and proteids were complete 
reaches the cells and present oncentrat 
vessels, Can possi only amount from 

considering the question whether 
difference in concent ition of prote 1d ‘ 

Of é \V I it on t | 
the concentration proteid immediately 
through the capillary wall, and its percent 
become reduced feeding the tissue cells. 
the lymphatic capillaries after has fed the 
only obtain from main trunks 
through lymphatic gland, ells which 
further quantities proteid \part entirely from 
meability the capillary wall proteids, 
dered that lymph collected trom large 
smaller percentage proteid than the 
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seen that the percentage loss the proteid lymph may 

considerable from actual consumption the passage through the 
tissues, When remembered how s/ow the lymph stream is, compared 
with that the from the lymph and not directly from 
the plasma that the tissues are supplied with proteid, hence there must 


always diminution proteid the lymph, and 


diminution will vary directly the time passage the 


through the tissues; other words, with rapid flow lymph from 
partits percentage proteid will approach that the plasma, 
while with slow flow lymph the amount proteid taken out will 
increase, and the percentage proteid may fall 

the plasma, even lower. This seems much simpler expla- 
different parts, and under varying conditions, from the same part, 
any hypothesis that the capillary wall certain tissues has 


impermeability proteid than other tissues, for 


The question issue may perhaps made clearer rete 
the feeding the tissues with simpler substance, viz., 
one supposes that the capillary wall impermeable 
oxygen, because the percentage oxygen the tissues lower than 
the plasma, but rather that oxygen being used the tissues. 
Similarly, proteid percentage the tissue lymph lower than the 
plasma not because the capillary walls are impermeable 
but because proteid being continuously used the tissue cells. 

the view that there any such difference concentration 
proteid percentage shown blood plasma 
the one hand, and lymph taken main lymphatic trunk after 
has fed the tissues the other hand, must erroneous; there 
can only small fraction such difference 
concentration and accordingly not more than small fraction 
millimetre difference osmotic pressure corresponding 
fraction which the thickness the wall the whole distance 
which the fall takes place. 

The view that greater impermeability for proteids shown the 
case the limbs the experimental fact that there lymph 
from rest also our opinion quite fallacious one. 


the first place, the limb capillaries must fairly permeable 


| 
200 
> 
centav¢ 7 
iVmph 
| 
és / é 
7 
a 
q 
7 
4 


limb and the 
is, readily give 


tial impermeability 


rise 


dissolved matter ten 


The first these 


difference 
causing 


being probably 
increased 
creased 

pumping action 

muscles cau 
lymph. 

There thus exp 
impermeability the 
drop 
would produce 
tion. have 


(Clas O 


towards pro 


Lhe lle / FEICS 4 4 ( a Ne 207 
proteld, OF Cise LISSUC CelisS SUTTCT Slat 
idized eve} th} mi lit } t 
oxidizeca even 1n (lie resting muscies The mus \ 
high one 
ition of the absence of a Ivmph ftiow restil 
esence of a flow In an acti imdb, i it Se s to 
tissue spaces ol lee Vi First, a translation of 11 asa 
7 uong with the soivent and at the same rate and seco 1 i po . 
ot diffusion, due to differences of concentration re 
equalization 
factors can only cause transference whei 
iw, bu tne seconGd cat operat whe ther a 
antration of anv given substa e within ana wit 
q a transterence of dissolved substance without any 
against the iymph stream trom lym] tO Diood plasma. 
the normal limb rest the tactor alone supplies 
‘ away all waste products, Dut In the case of the limb the frst 
i 
reased Hvdrostatl pressu the 
into the tissue spaces hence 
7 In a a ve His Is i 
vesseis due the tra 
arflation pressure, and s ¢ 
erimental evidence cither that there any 
tic pressure tending towards 
ort no evidence that the capillary wa 1 


that the proteids the plasma play any special part eit! 

may also pointed out that the manifestation any 
impermeability the capillary wall proteid with its attendant 


osmotic pressure would not only interfere with the normal nutritio: 


the part proteid, but would hinder the flow lymph into the 


tissue spaces, and onward through the lymphatic vessels into the 
veins. For any osmotic pressure which appeared would dimini 
its amount the driving power due the 
which well causing filtration the lymph 
capillary wall gives that head hydrostatic pressure which sen 
the veins through the lymphatic system. 

illustrate this statement let make the hypothesis that 
concentration the lymph immediately outside the capillary wall 
proteid only half that the plasma within, and further that 
coefficient permeability the capillary wall for proteid one hal 
that one half the theoretically possible osmotic pressure for 
impermeable wall becomes manitested. the aver 


ave figure mm. mercury for the total 


the plasma against otherwise isotonic non-proteid solution, 


this figure would have reduced one half, 
mercury, account one half the amount proteid being present 


outside, and again this would have reduced one 


mercury account the partial permeability the capi 


mercury opposing itself the flow Ivmph from the capillary 
into the tissue balance would then maintained with 
slower flow account the head pressure causing fil 
tration from the capillaries under capillary pressure being lessened 
from the spaces due this for the osmoti 
pressure never could exceed the pressure the capillary vessels even 
the case the lowest percentage proteid lymph ever observed 
fact, even granting that the Ivmph contained 
proteid, and that the capillary walls possessed impermea 
the total osmotic pressure does not exceed that the capil 
lary pressure,and hence even under such widely impossible conditions, 
‘re could absorption lymph the capillaries due 
pressure brought about all that such mani 


festation osmotic pressure accomplish, did exist, would 
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slightly variable slowing the rate lymph flow, but never 


1 


absorption anything from the lymph spaces 


absorption substances solution from the 


undoubtedly does take place, and that with great rapidity, shown 
Starling the case methylene blue injected into the peritoneal 


cavity, such absorption must accordingly due either the second 


physical factor indicated previously this paper, viz., diffusion 
I 


solution, secretory activity the endothelial cells 


vessels. 

the foregoing discussion the subject have treated upon 
entirely physical lines, and such basis have, believe, given 
demonstration that osmotic pressure phenomena due 
have effect, most inappreciable one, upon lymph produ 
tion, lymph absorption the blood capillaries; but the same 
time would not have thought from this that our view that 
physical processes, apart from vital activity, are concerned 
the government the nutrition the tissues, the rate lymph 
flow and character lymph supplied 


The endothelial cell lining the capillary living cell, 


our opinion possesses the properties living cell, and 
modifying both quantity and quality the substances passing 
through it, just does secreting cell. 

The vital properties the endothelial cell are clearly shown 


early researches the changes reaction the vessel 


wall, and corresponding change the blood flow, stimulation 
irritants which excite but not destroy the lining Heiden 
hain’s experiments lymphagogues, especially those the colloidal 
class, such albumoses, which doses cause such dispro 
portionately large increase lymph formation, and 
recent researches the relationship between physiological 
and lymph flow. 

These phenomena appear find their most natural solution 
the fact that although the lining cells the capillary take the 
form membrane, they still act living cells, and possess 


secreting action quantitatively, and lesser extent also qualita 


1 See The Huxvey Lecture to the Chari gross Medical Se 
cal journal, ii, 971: Lancet, ii, 
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tively, upon the solutions passing through them. similar view 
must our opinion taken the functions the cells lining 
serous cavities and governing amount and kind the secretions 
which they contain, also the action the epitheloid cells 
the pulmonary alveoli and the kidney the 
/ar cell the case for secretion appears conclusively proven 
the facts urinary secretion under pressure, although Starling 
cites such experiments proof that glomerular activity due 
filtration under pressure, because urinary secretion, according this 
observer, stops when the pressure the ureters less than that 
the blood-vessels the glomerulus amount equal the osmotic 
pressure the proteids, which are present the plasma, but not 
the glomerular filtrate. 

appears us, however, that the figures given Starling his 
experiments upon this point appeal strongly against the interpreta 
tion which places upon them. Starling found that when the 
secretion urine ceased the pressure the ureters was less than 
that the carotid arteries from mm. mercury. Now 
the pressures compared are not those the carotid artery and 
ureter, but those the two sides the glomerular membrane, which 
point considerable importance; for, although the urinary 
stopped and hence there would statical equality pressure 
ureter, pelvis, and urinary tubules back the glomerulus, this 
not with the vascular circulation, and hence there must con- 
siderable fall pressure between the carotid and the fine vessels 
which constitute the glomerulus. Now, even supposing proteids alone 
are kept back filtration the glomerulus (which supposing 
great deal, since dextrose and certain other crystalloids the plasma 
probably not pass through this structure), there would have 
made deduction least mm. mercury from the differences 
pressure, the assumption that the proteids are separated solely 
pressure filtration. 

This would leave only mm. mercury for the fall pressure 
between carotid artery and glomerular capillary, amount which 
our opinion absurdly small, and which would not sufficient 
account for the fall the arterioles leading the vessel, not 
mention forcing the blood along the fine vessels the glomerulus 
admitting that there can considerable play the 
distribution the fall pressure between renal artery and renal 
vein, the relative degree constriction afferent and efferent 
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probable that any appreciable through the 


occur when there was pressure between 


and glomerular capillaries only mm. mercury. 

probable explanation the result appears 

ference pressure between ureter and carotid represented the fall 
pressure between carotid arterial pressure and that kidney 
laries, and that secretion urine ceased because occlusion the 
vessels, when the pressure became equal the two sides. 

Further, the urine contains practically dextrose and the plasma 
contains about 0.15 per cent that substance, which represents 
osmotic pressure amounting approximately 200 mm. mercury. 
Hence this substance cannot conceivably separated pressure 
filtration the glomerulus, and are driven either the improbable 
conclusion that present the glomerular filtrate and reab 
sorbed the cells the urinary tubule and restored again the 
blood, what seems the more probable view, that the glom- 
erular epithelium secretes the which passes through it, and hence 
capable modifying its constitution secreting cells other 
parts the body, apparent opposition the laws osmosis 
they are known for inert non-vitalized membrane, but fashion 
which will able understand when the laws vital energy 
manifested living cells cease enigma. 

Useful and hopeful the application physical laws 
phenomena, well remember that the cell carries 
transformations fashion, and with external results, peculiar 
itself, which indeed necessitate the use the words and 


designate the fact that matter such condition capable giving 


rise energy transformations not non-vitalized 

the application recent advances our knowledge the 
physical chemistry solutions, col 
tions, the study biological problems connected with the vitality 
the cell, much will doubtless learnt the energy 
tions which run their course the living cell, but venture 
predict that although such studies will clear many vital phe 
nomena, yet very act doing they will thereby 
our knowledge the existence living matter the power devel 
oping type energy peculiar itself and not found anywhere 
non-vitalized matter. This energy 
much the same relationship that 


loidal solu- 
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regarding other forms energy the old idea the existen 
phlogiston.” will robbed much its old mysticism, 
still there will remain for it, for.the other forms energy, the old 


eternal, insoluble mystery the nature energy and the relationship 


its various interchangeable forms one another. 


Our view the problem, stands before present, 


the living cell there exists type energy which never found 


outside the living cell, which capable being produced from 
non-vital forms energy supplied the food” taken the 
cell, and which acting the matter present can call forth 
transformations which speak cellular activity and 
all such transformations and transferences matter, the jaw 
the conservation energy followed the vital energy, which 
this respect behaves exactly any non-vital form. 

The study the phenomena due vital energy the province 
the biologist, and the recognition this fact cannot, seems 
have the effect acting drag upon research, but rather 
increased stimulus renewed effort. 


CONCLUSIONS. 


and shown that this pressure not due contamination 


crystalloids. 

There must corresponding variations freezing point and 
boiling point; but these would small fall well within the 
limit experimental error; hence the direct method the only one 
available for determining the osmotic pressure colloids. 

The osmotic pressure cannot used for determining the 
molecular weight colloids, since gives the case substances 
known molecular weight, such the soaps, 
weights which are twenty sixty times too large. 

physical constant given determines the 
properties the colloidal solution, and have termed the 
solution aggregate arises the 
physical union association variable number molecules 
form single osmotic unit. 

The weight the solution aggregate varies with the conditions 


solution. from four five times great for serum albumin 
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for egg albumin. the case serum albumin 
approximately one-fifth its value alkalization. 

Even dilute solutions sodium soaps 
colloidal solutions, temperatures 


solutions not diffuse through membrane parchment 


Such dilute solutions the sodium soaps 


cooling, which again yield solutions 


become precipitated granular form standin 


Rapid cooling and increased strength 
formation hydrogels, while slow cooling and weaker 
granule formation. hese phenomena have 
passage crystalloids from solution. 

due different physical arrangements chemical molecules form 
different aggregates, and the complexity the proteid molecule may 
much more physical than chemical phenomenon. 

10. Protoplasm may built continuation such process 
aggregation absorption materials the cell may governed 
the formation varying aggregations with the protoplast 
built the cell, and similarly granule formation 

11. osmotic pressure the proteids does not all 
take any share lymph production absorption 
evidence that the capillary walls are impermeable 
there any appreciable concentration 


the capillary wall. 


12. The cells the membranes the glomerulus 
probably act secretory for the differences 
are probably not sufficient cause pressure filtration proteid 
free filtrate, and are certainly many times too small separate 
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Observations like those described may, verified, lead 
tant theoretical conclusions regarding the colloidal solutions 
enzymes study the lipase blood serum, 
has failed observe similar variations resulting from 
temperature view the importance the 
the writer has attempted, Professor suggestion, repe 
the experiments with The results have 
negative every case, the obtained with the previous 
heated enzyme solutions being minimal and variable, the 
below indicate. few experiments with amylolytic enzymes resulte 
similarly. 

Experiments with invertin. enzyme solution was prepared 
treating commercial compressed with absolute 
ing one third volume ether, recommended The 
cipitate was quickly filtered off suction, washed repeatedly wit! 


ether, and dried very active solution was obtained 


extracting the resulting powder with water 


This solution was divided into two portions, one which was 
room temperature while the other was heated bath 43° 
for twenty minutes; the end which time was cooled 


same temperature the unheated portion. testing the rate 


inversion five per cent saccharose solution containing sodium 
fluoride (two per cent) was employed. The same volume each 
portion the enzyme solution was then added equal parts 
the saccharose solution. the end given periods the 
was stopped plunging the flask used into boiling 
t 


extent inversion was measured estimation the power 


reducing standard alkaline copper solution. 


this experiment the invertin solution was heated for twent 


were made the gravimetric the being 


results are given 


ANKIOT ( omptes rendus de la societe biologie, Poot, liii, 
ALBERT: Berichte det deutschen chemischen Gesellschait, tg 
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of the enzvme solution were added in each case to soo Cc. 


solution. intervals one half hour portions 


drawn, the stopped and the extent 
determined titration, Gerrard's cyano-cupri solutio 


The results expressed the number 


solution. 
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Jolume of the solution required for complete 
iction of the 


Preparation 


mvertin solution 


Experiments with saliva. Mixed was filtered 


diluted ten times its original volume. One portion 


and cooled room temperature. Ten c.c. the enzyme 
solution were added each case 100 one per cent starch 
paste. the expiration varying periods the digestive mixtures 


were used titrations with Gerrard’s solution (10 above. 
Diluted saliva heated for twenty-five minutes 


Volume o 
for comp! 


seems have been weakened the heating. 


Diluted saliva heated for ten minutes 
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criticism the experiments with animal enzymes may 
said, favor theory, that they have been sub 


jected body temperature and that therefore further augmentation 


enzyme activity not expected. The following experiment 
were accordingly carried out with vegetable amylolytic enzymes 


extract malted barley was prepared, and portion heated 
for fifteen minutes. The further procedure was the same 
with the saliva. the second experiment the commercial prep- 


aration from Aspergillus oryza was employed 
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Electrical has been suggested that the 


heating enzyme solutions produces changes 


character, conductivity experiments were carried out with two por 
tions the same invertin solution, one which had been pre 
viously heated and cooled the inversion 


ohms was: 
2.146 for the heated solution, 


2.138 for the unheated solution. 


The capacity the vessel was standardized means 
solution, the specific conductivity which was 2.765 
Conclusion. Under the conditions experiment recorded evi 
dence was obtained marked changes the physical character 
the enzyme solutions which have been subjected temperature 


about 


experiments were carried out the laboratory for physical 
desire thank Dr. Foore for kind assistance. 


q 
q 
7 
q 
457, 
q 
q 
4 
q 
q 
q 
a 
q 
a 
7 


FURTHER EXPERIMENTS ARTIFICIAL 
GENESIS 


INTRODUCTION 


following experiments were undertaken 

and with the cooperation Dr. and the 
have appeared paper had not pressure work 
Loeb leave its publication hands 

The previous papers Loeb upon artificial parthenogene 
yielded the results that the unfertilized eggs 
terus can brought the swimming stage through changes 
stage they are permitted remain for varying 
sea-water the concentration which has been 
returned ordinary Loeb found 
slightly increasing the amount potassium 
without increasing its osmotic pressure, the 


caused develop the trochophore 


} 


Our aim this year was extend these observations 
possible, and 


find out there was difference 
which artificial parthenogenesis 

various forms. succeeded 

Amphitrite the trochophore stage 

amount calcium the sea-water, without 

pressure, mechanically agitating the 
animals were. In Nereis we have been abl to make on 


experiments, which, however, seems show tha 


crease the osmotic pressure the sea-water 
about the development the unfertilized 
guard against infection the eggs with sperm, 


taken Loeb! were followed. When first 
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tory the animals were carefully and repeatedly washed 
and then put into separate dishes running water. When 
for experiment, the experimenter carefully washed his hands 
instruments fresh water. The animals were then changed 
fresh sterile dishes, washed fresh water, and opened 
sterilized heating 50° 

The greatest care was used throughout changing the eggs fron 
one dish another. Unless specially indicated, 
pipette was used transferring the eggs, which were slowly suck 
into the pipette, and then equally slowly permitted flow out int 
the proper dish, while the mouth the pipette was held under 
surface the water. The dishes were not moved about, nor 
shaken together, and every outside force that might jar the 
was eliminated. will seen later why these extreme measur 
were necessary. 

When eggs were removed from the various solutions for mici 
scopic examination, was done with mechanical disturban 
possible. The eggs removed were kept covered watch crystals, 
and case were they returned the dishes from which they 
been taken. unnecessary add that separate pipettes, properly 
eggs from 


AD 


sterilized fresh water, were used handling 


the dishes. 


SWIMMING FROM THE UNFERTILIZED EGGS 


began our experiments upon distributing 
mass eggs into series salt solution-sea-water mixtures 
after varying intervals time returning them fresh 
This first experiment yielded swimming larva only the dish 
taining mixture sea-water and calcium chloride. knew 


agent, for the other dishes which the concentration the sea 


idea that the calcium ions had brought about the artificial 
genesis. When, however, tried the least amount 
calcium that was necessary cause the unfertilized eggs 
Amphitrite reach the swimming stage, got uncertain results 


This indicated that the addition calcium was not the only 


that the increase osmotic pressure had not been the responsible 


water had been increased like degree through potassium chloride 
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upon which the parthenogenetic development 
It did not take long to discover this se 
Mathews! had just found that mechanical agitat 
producing artificial parthenogenesis startish, 
cult task show that mechanical avitation 
same result Amphitrite. few experiments 
unfertilized eggs Amphitrite develop the 
after residence sea-water from one 
squirted from small-nozzled pipette into 
But the method uncertain one. and 
mechanical agitation may able bring about 
are found that are sensitive mechanical mat 
slight disturbance the gentlest transference 
one dish another may Cause few them 


sible. Only very occasionally does development res 
ical manipulation immediately after the 

These facts explain why such extreme car 
transference the from one dish anot 
material the following experiments treat 
eggs the various solutions, sour 
might have arisen from development the 
cal agitation has been climinated 
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was found the two-cell stage, and occasional 
those which the calcium solution. all the egg 
nucleated and intact. Some were the but 
black eggs were found. 

3.30 every one the eggs trom solution presented the appearance 
black eggs already described. Some were the two- four-cell stag 
and ones had eight-cell stage (Fig. Son 
those found solution They were light colored, and 
and contracted like the other egus from the calcium solution The « crcy 
solution (ordinary sea-water) presented the same appearance 
hour previously, except that the number had 

4.30 cell division the eggs from the calcium solution had 
the sixty-four-cell stage. These were much darker and more com 
pact than the morule already The vast 
however, showed external signs One halt the 
from solution were the morula stage, the other half were nucleated 

5.30 the appearance the eggs the 
The segmented calcium eggs 
toward the morula stage. eggs the sea-water control were almost 
without exception the morula stage. 

showed the round, black eggs from the solution lightening 
the gave the impression beginning trochophores. 
seemed have reached stationary point. Among 
from solution black and beginning trochophores could 
found. All were the morula stage. 

the dish containing the eggs from the calcium 
swimming larve (Fig. oceasional giant was found. 
control which had been kept solution were all the morul 
stage, but not single swimming larvae was found (Fig. 1). 

the eggs left the original dishes, and gave the following 
the calcium solution all the eggs were black and developed th: 
stage, but none were swimming. the 
were inthe morula stage. 


Examination all the dishes the following morning (9.30 M.) showed 
: 


the same condition affairs night previous. None the 


moruke had developed beyond this stage, and they were going 


pieces. Many the trochophores from the calcium solution were 


swimming. 
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are left for thirty minutes solution sea-wa 
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August was necessary now det 


cause the eggs of Amphitrite to devel P parthe nogeneti ally. 


ing solutions were prepared 


The eggs were put into the solutions 12.15 and one lot 
moved after minutes. The control eggs were changed 


time. 
removed separate watch and kept for observation 


were not returned the dishes from which they taken. 


ht 


the dishes were left absolutely undisturbed until after midnig 


eggs that had been removed to the watch crystals showed. swim 


the two watch crystals containing the eggs that 
calcium mixtures showed few black from the mis 


Some were the early stages segmentation 


from 


tion the showed one black egg; 


and two segmented eggs from the potass 
had 


ution were absolutely unchanged. The control eggs. which 


subjected the same mechanical manipulations, contained 


blac k 


midnight the first swimming were found the watch crystal con 
c.c. Ca(NO 


ing the eggs from the mixture sea-water 


This was full swimming The watch eggs 


swimming 


intact. One black was found, and few 


the same appearance, only contained two swimming 
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but many the eggs were the 
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nently the mixtures calcium nitrate and sea-water, than 
which were, after half hour, transferred sea-wate 
every egg left permanently the calcium soluti 
became black, and often segmented. the eggs which were tra 
ferred sea-water less than per cent remained 
The eggs used this experiment were the 
make parthenogenesis through mechanical distur 


This accounts for the development the 


ance possible. 
trochophores the eggs removed from the magnesium chloride-s 


The original dishes from which these eggs 


water mixtures. 
been taken were absolutely free from segmented eggs. 


the truth the results obtained the last 
Amphitrite were distributed into the following solutions 


Sea-water tcc. 


sea-water 2 c.c. Caf 


c.c. 


-water (control) 


order eliminate all sources error due mechanical 
dishes were left absolutely undisturbed until the next 


when knew that swimming would have developed. 


egg was the thr 


tHe till 


none were swimming and only 
cell stage. the other eggs were homogeneously black ott 


Solution showed swimn 


disintegration. 


larva, many and some segmented was 


The control eggs, which had been tre 
solutions, showed not single swimming the eggs were 
1] 
il 
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and many were seyumented into two and four c 


August 1901,—We wished once more determine 


least amount that must added sea-water order 


parthenogenesis the Amphitrite. wished also know 


the abstraction of water from the egg 


lot were distributed into the following solutions 


seawater 


ated pree isely like the eggs in the caletum 


could bring about its dleve nt 
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experiment. The female were distributed 


2, YY! sea-water LiCl, #2 
$4. YS c.c. sea-wate! Pec. 
My C.C. sea-watel + c. Lif 
sea-water 5 NaCl, 
OY sea-Wa Scc. Ca(NO 
10. sea-water ( 1) 
The eges were left absolutely undisturbed until the following mort 
condition then was follows: Control 
four swimming trochophores were had, doubt, 
mechanical agitation. the remaining lithium and sodium 
tions only an occasional black or seu nted eyy was fo ind Nearly 
wel nucieated and mtact. he calciimesea-water mixture, 
ever, was full swimming while the eges which actu 
swim were the blastula few were still nucleated 


MALLY FERTILIZED AND UNFERTILIZED EGGS AMPHITRITI 


The fertilized eggs Amphitrite begin cleave about forty-five 
minutes after the addition the sperm. Within hour 
all the eggs have reached the two- four-cell two hours 
the eggs reach the eight-cell stage; three hours the sixty-four 


one hundred and twenty-four-cell stage. Four hours after 


addition the sperm one half the eggs may found the swim 


ming trochophore stage. The remaining eggs are the morula 


stage, often showing lightening along the edge (gastrula stage 
The eggs which are brought the swimming stage through the 
addition the sea-water, through mechanical distur! 


ance present totally appearance. hour after the 
have been put into mixture sea-water and calcium nitrate, 


nucleus becomes obscure, and the protoplasm contracts. The bul 


the egg diminishes greatly, and becomes 


and opaque. The outline the egg perfectly sharp and distinct 
The normally crenated capsule becomes outline, and 
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swollen appearance, due the contraction the prot 
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trochophores, would seem that the eggs can int 
the blastula and trochophore stage without any external 


cleavage. This view harmony with the observations 


upon the eggs The appearance 


swimming trochophores 5), the ciliary activity, and 


A freal 


general behavior the parthenogenetic larva exactly that 


the normally fertilized Often freaks odd shapes are foun 


and giant embryos made from two ten eggs 


not uncommon 7). 


indisturbe 


The eggs Amphitrite when left undisturbed 


water show, with rare exceptions, absolutely change during the 


first five ten hours. have often seen dish full swimming 


parthenogenetic while the eggs the control which had been 


left absolutely undisturbed were every one them 
nucleated and intact. After ten fifteen hours, however, varying 


with the temperature and with the individual eggs, large 


became contracted and homogeneously black, like the eggs which 


have been described. enough time given, almost without excep- 
tion, every egg will become black. large number show the early 
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material put end further work this direction this year. 
Our experiment consisted distributing the two fema 
into series dishes the concentration 
which had been raised various degrees the addition 
single experiment seems justify the following con 


sions: The Nereis limbata are 


swimming beginning cleavage, however, may take 


after prolonged residence ordinary Swimming tro 
phores can produced from the unfertilized Nereis, 


for thirty minutes, and are then returned 
fact that parthenogenesis resulted only mixtures 
potassium chloride which the osmotic pressure had been consid 
ably raised, would seem indicate that brought about 

abstraction water from the cell, and not ette 


the potassium 


THEORETICAL CONSIDERATIONS. 


experiments upon and Nereis confirm the views 
Loeb that the spermatozoon does not act “stimulus” 
that starts its development, but simply catalyzer 


process which starts its own accord. unfertilized 


either Amphitrite Nereis, left undisturbed sea-water, show 


tion the protoplasm, together with beginning cellular 
that correspond the changes that occur fertilized 


except that they begin much later time, and succeed each 


much more slowly than fertilized eggs. The addition 


calcium (in the abstraction water 


the egg serves only method accelerating process that 


occurs But this accelerated karyokinesis essential 


further development the egg, for left undisturbed 


the reaches only the first stages segmentation 
dies 
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was found former experiments That concentrat 


was therefore used this series experiments. parallel seri 
solutions were always made, each beginning with pure Nat 
> ] 
the one CaCl, was added increasing quantities, 

the other equal amounts Na,SO, were 

was found that, when added NaCl, 
efficacious prolonging the life tadpoles and mosquito 


The following table gives evidence the fact: 


TABLE 


the most striking experiment, the four tadpoles 
NaCl were dead within three the end twenty-one 


three specimens were still alive the solutions 


Hy CA 


These died the twenty-second the solutions 


i 


two specimens died the thirteenth day, the others the twenty 
third day. 

the same character were obtained with the mosqui 
They were not quite satisfactory for demonstrating 


point, however, because there was much more individual variation 


longevity among them than among tadpoles, and because the pupa 
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Nat} solutions CaCl curation NaC] solutions 
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various solutions and the percent 
a iarge number ot experiments in 
the potsonous ettects NaCl solutio the tion salt: 
4 
having univalent, bi-, trivalent anion resu were 
q 
ol Saits with a monovaicnt 
annihilated only bi- trivalent 
trivalent anions 
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injurious, the specimens 


to 


which had been 


dying much sooner than those pure 


tions were used: 


SERIES A 
« NaC] 
Naf ( () 
( = } Noa ‘) 
5 ‘)) ( Nal Na.C'.O 
( Nal Na.C.O 
dead less than seventeen hours. solutions 
dead twenty-four hours later. solution lived five days 


experiment which the action Na,C,O, 


directly with that and CaCl, 


solutions were: 


Nal 
) ( Nal Na.C.0 
‘ Nall C0), 
} Nal ( (), 
Nal ‘ (al 
)? Nal 


] 


The specimens were dead less than seventeen 


lived six days; those seven days, while solution 
+ 


some the specimens were still alive 


that possibly the solutions were 


and that might able neutralize the effect NaCl 


weaker solutions, tried series experiments 


tions were the same those Series except that the con 


was weaker, naturally proved less injurious. The average 


life all the solutions was practically the same, not 


more than half day, and without exception specimens were still 


fourteenth day 


ing the pure NaCl solution after those the other 


were dead. 


both and have bivalent anions and yet 


differently, these experiments, especially when taken 


Cl 
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seem to indicate that t et t t () ! 
immedi result the bival the anior tly 
haree, governs the etfects ons, and \ 
CaCl, as well as Na,SO, is ef 
NaCl, seems probable that the act 
must determine the point Dr. Loeb found that alt 
bivalent kations are able annihilate the ill etfect 
acetate and mercuric chloride gave result for 
7) are so porsone 1S t it he s Mit 
oxalate some such way. 

recent article the automatic contraction 
muscle, says concerning experiment which used 
one chooses make the objection this 
oxalate prevents the contractions, not by pr pitat t ( 
some direct action the oxalic acid one cannot 

the natu the tion 

recess Ol the ! \ 

shows conclusively that 

When one considers, however, that pitat 
cium and yet able cause the lymph hearts 
would seem that the objection not 
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THE CONTACT IRRITABILITY MUSCLES. 
ZOETHOUT 


former paper, which discussed the potassiu 
and calcium ions the tone was 
potassium increases the tone the striated muscle, and that 


and lesser extent sodium, counteract this etfect. found that 


the minimum concentration potassium capable producing 
slight increase the tone the muscle was represented 


following solutions: 


ex FLO Iycer 
KC] 4 NaCl 
$5 KC] C4 Cal 


The fact that the effect the potassium can decreased 
previous subsequent application calcium clearly shows the 


tagonistic action these two substances. 


While repeating some the experiments, occurred that 


the muscle always contains calcium salts, the presence these 
salts raises the concentration the necessary produce 


increase tone. could, therefore, decrease the 


the muscle previously simultaneously with the introduction 
potassium into the muscle, the minimum concentration the potas 


sium necessary increase the tone the muscle would decreased 


+ 


And this found take place. the muscle was treated wit 
K-citrate, any potassium salt whose anion 
calcium, the minimum concentration was found be: 


cc. Kecitrate 9! cc. HOO, 


Comparing this with the table concentration 


noticed concentrations are decreased per cent 


Previous observers have pointed out that any salt whose anion 


3 
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The same point 
muscle was tre 
which 
reduced 

normal mus 


Bunge,- and 
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alwavs contracted 


caicium 


mus 


ion produced such sal 
While working 


duce insoluble Cal 
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“contact irritability. 

normal frog muscle 

air, water, oil, 

salt whose anion 

comes In contact 
Now, it occur? 


the muscie and 


a 
cause L Sug t sbhortel ol the m 
sucn Sats, Na ma ta necessary to} 
IS very much reater than that of the potas Wh 
{ VaS also GeMonstrate n OWLN Manne! 
this case the minimum concentration was 
rease 1h tone Was more marked 
contains 1.5 per cent ash, and 
q LOIDAK nis IS GUC CO LIN ( 1m utS | 
calcium some way other inhibits the effect 
the potassium. the potassium the mus are increased 
(by placing muscle KC] solution) the normal between 
} ] f 
the caiclum and the potassium and the exces potas 
the muscle simultaneously, for example, 
disturbed and increase tone results. the other hand, 
possibile to destroy the ratio between the potassium an 
‘ 
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possible that the precipitation the calcium salts causes conta 
irritability because destroys the normal equilibrium between 

two salts the muscle. Dr. Loeb himself suggested 
the equilibrium the ions the muscle when said: 
all the facts thus seem harmonize with the view that decrease 


amount Na-ions) the essential condition for the production 


the contact reaction, yet possible that the sodium salts 


anions form insoluble calcium compounds may have spec 
i 


upon other constituents the proteplasm, 


Upon testing this view found correc 
simultaneously introduce K-ions into the muscle. 
were made follows: The left gastrocnemius 
prepared and placed bath c.c. 
six minutes. the expiration this time the muscle was 


with c.c. Na-oxalate for one minute. exposure 
the muscle was immediately thrown into contraction which 
into more less complete tetanus sustained for some time 
1). The other gastrocnemius muscle was then prepared 


placed for six minutes c.c. NaCl, after which was treat 


10 « 


Na-oxalate. coming contact with the air 
contractions occurred, except after the lapse about three 
utes, when slight contact reaction set in. 


experiments were repeated great many times, and 


ent proportions The best results were obtained 
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3 
‘ 
er, Mc. Na oxalate At ) the muscl expos to the air ¥ 
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C.C. KC] CC. It necessal for the { for 
time to penetrate the mu tissue It ) I 1) 
are used the subsequent use ot tiate may ( mu 
} +1 ‘ ‘ \ 
7 into spasms and the col rea pn is | 
q tablity of dilferent mu ics \ re l 
tions, It Was tound ssarvoa ivVs t use ol 
muscies otf eacn tro iS a control test ietimes tl trol 
made first, sometimes iast 
me 
experiments were made with Na-oxalate, Na-citrate, 
fluoride, Na-carbonate, and Na-tartrate, and te 
7 SUSCE ptible to contact reaction, 
That the contact irritability depends u na ails n 
ratio of the lons In the muscie was also WI th V1 
4 this solution was removed ana Was © ill 
by ti the mi le wu telly thy nf 
CNIS The MUSCIC Was IMMedalately rOWR a rit i Vel 
was placed in 1 Nal oc. \iter o minut 
: 
this solution was removed and the 
were also made with Na-carbonate, 
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oxalate greatly increased the contact reaction. 


were also made which the Na-oxalate was mix 


with water, with solutions cane sugar, but the 


dilution the oxalate with these substances had practically 


CONCLUSIONS. 


the calcium salts the muscle are decreased the 
the K-ions increase the tone the muscle increased. 

the K-ions the muscle are increased, the efficiency 
salts Na-oxalate and Na-citrate cause contact irritability 
increased. 

The contact irritability depends (as Loeb suggested) 
disturbance the normal ratio salts the 
the disturbed ratio the potassium and the calcium 


which makes the contact reaction possible. 
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FORMATION 


sulphide from milk 


the course series experiments 


ber observations upon the 


Comparatively 


early assumed 


and caseinogen, 


and fat the 
text-book 


precipitated 


-bo yk of physiolo 
the film consists coagulate 
Recently Jamison 


mental observati 


upon the presence 


} 
nature OF Che 


q 
/ 
the other hand, claims that 
q 
continues, mav say the heat has sed certain amount 
the phosphates (calcic phosphate) precipitated, and that 
united with the caseinogen form pellicle 
al The O rs th 
] caseins ren and ime its. 
LZ” | ublished the results of some expe 
other proteid solutions. They hold that the formation 
ing substances. suspended matter (milk-fat, 
This researe Was carried vit t i ! 
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LLAMMA Lext-l mn OF 
7 


326 Leo 


oil, paraffine, etc.) forming the emulsion is, according them, imma 
terial. The kind proteid solution likewise immaterial 


finally, exposure the milk the intluence unsaturated 


essential. other words, drying necessary condition the 


formation film. 
Soon after the publication the last named paper, there appeared 


} 
i 


+ 
tS 


This author, contrary Jamison and Hertz, holds that 


solution calcium magnesium caseinogenate develops film 


heating, and that therefore fat not necessary this process. 


agrees, however, with the previous authors that the nature the 


proteid matter immaterial. solutions magnesium 


calcium caseinogenate are warmed, emulsion free 


produced hydrolytic dissociation, which may 


cause the phenomenon question.” 


the purpose this paper discuss some the conditions 


film-formation, upon the basis further experimental observation 


The nature the proteid matter which goes make the film 


immaterial, Jamison and Hertz have already shown. This state 


example, egg albumin solution was made yield film heating, 


DoD 


after the addition quantity dilute lime-water mak« 


the proteid solution per cent) slightly alkaline, and lessen 


its tendency coagulate when heated. warming about 


delicate film was formed. Below this temperature was 


visible. Milk, the other hand, begins develop film tem 


perature low The solutions egg albumin were 
heated both with and without added portions fat (cod-liver 


etc.). solution calcium caseinogenate containing fat will also 


form film much more readily than one egg albumin. differ 


ence evidently due the nature the proteids, the egg albumin 


being more deficient the process film formation than 
Not only will different proteids form heating, but the 
carbohydrate glycogen acts heating almost satu- 


rated aqueous solution glycogen, for 40-45 minutes, film 


became quite apparent, but redissolved cooling. 


Numerous observations have indicated that fat facilitates film-forma- 


This fact was first observed CHITTENDEN, his study the glycogen 


pecten American journal science. 1875, 26. 


q 
= 
3 
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tion. Further, different kinds 
cod-liver oil. This behavi ir, there 
That fat essential, however, the 


and Hertz not borne out 


was extracted the Taylor extraction appara 


free from fat (five six days), chemical 
showed. The ether was removed warming, 
air. This fat-free milk developed visible film 
for thirty minutes. the application more heat, 
easily inclosed fat, was 
osmic acid, and microscopic examination 
sank the bottom; sank the 
agitated. 
pure solution calcium caseinogenate yielded film heating 
material was prepared precipitating the caseinogen fresh 
skimmed milk with dilute acetic acid, filtering, redissolving the preci- 


pitate weak solution sodium hydrate, and 


precipitatin 

with acetic acid. purification was repeated nine time 

until the was entirely free from final precipitate 
was dissolved small quantity lime-water. filtering, solu 
tion calcium caseinogenate which neutral, and 
entirely fat-free, was obtained. contained two per cent the 
proteid, and strongly opalescent warming, became 
opaque. With acids was precipitated; also with short 
had the typical properties pure solution calcium caseinoge 


nate. When this solution was warmed 


became quite apparent within thirty minutes. The 
diluted with equal volume water also gave film, while 
weaker solutions, film formation was scarcely noticeable. 

experience does not agree with the statement Jamison and 
Hertz that exposure the heated milk the drying influence air 
necessary the formation Film formation was quite 
apparent vessels sealed air-tight and heated above. 
These observations were made different times, and under varying 
conditions. example, self-sealing beer bottles capacity 
400 c.c. were employed. the outset, 100 fresh milk were 
introduced into the bottle, and the latter stoppered (air-tight 
immersed heated water bath. The temperature the bath 

JAMISON and HERTZ 
This journal, 
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the time within which film became apparent, were 


less than twenty minutes distinct occurred 


about This tilm was more less wrinkled and tenacious, 


and every way resembled ordinary milk film. demonstrat 


whether the air space remaining the sealed bottle might 


account for this production, varying quantities milk 
used. Similar results were obtained every case. Even when 


air space was less than the film still 


thermore, the air the bottle was replaced hydrogen carbon 


and the bottle was sealed, film the usual appearance 
texture was obtained. 

These facts make quite evident that neither air nor 
absolutely necessary for film formation. substantiate these 
sults further, different quantities milk were heated stout 
cylinders capacity, which were firmly closed with 
stoppers. film was formed during sixty minutes heatin 


was not very tenacious, althou: 


quite apparent. Wit 
increased temperature, the became more 
closed considerable fat, and was characteristic appearance, being 
very tenacious and slimy 

formation, but not essential. milk begins form 
but soluble lime-water. Above the films were 


evidently coagulated the proteid the During the heating 


bottles cylinders were moved little possible, since agitat 


the milk greatly lessens the tendency distinct film formation 


third method employed was that heating the milk tlask 
removed passing continuous current carbon dioxide through 
the heating, open vessel pathologische Anatomie und 
ee 
The se observations are accord with the view pre sented pa 5 § 
is due to « inges in the composition ot t K, ra er 1 I 
change. caseinogen hei ( t10 \ cal nires 
coagulated it t t has las tree caseino (acce 
view thatt prot t m Is free ¢ oven) \ ( 
by | it ind t relore ere 1 ! or less cl 
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The presence fat facilitates film formation, but 
essential. 

While surface evaporation facilitates film production, not 
necessary. 

Again indebted Prof. Lafayette Mendel for his 


ance the work upon which this paper 


I 
q 
q 


ACID WITH VARIOUS PROTEID 


one the recent papers from this laboratory 
connective tissue mucoid, attention was 


particular uniformity percentage composition 


1 


f osseomuco 


preparations. Since the analyzed products had been made 


greatest care, were led the deduction that the 


bone varies composition just does the glucoprote 


sources conclusion not only accord with our analyt 
but harmony, also, with the deductions drawn under similar 
tions, for other tissues and products, various 

Later, and for the same reasons. came identical conclusion 
regarding discussing the Chittenden 
and that possibly mucin obtainable from tendon prone 
carry with certain amount some other form protcid matter 
which the ordinary methods purification are not wholly adequate 
indicated that there longer any reason 
that proteid impurity responsible for the observed variations 
was further stated, that time, that know other 
tendon which would resist the washing treatment 
cal admixture chemical combination, account for the orderly 
tions observed in the an lytic series. 

After the latter account our experiments had gone the 


paper fat-proteid compounds reache 
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Posner and William Gies. 


and views made seem possible that the variations noted 

results for mucoids well for other proteids, may have been due 
combinations intimate admixtures the proteid substance with 

Kecalling physical explanation for the retention 


that portion fat which can removed from tissues only after 


digestion, Nerking suggested that there quite much reason for 


concluding that such fat chemically united the tissue that 


held mechanically, and, therefore, that removable with 


merely because such intimate combination. 


vation, that the fat obtained the later tissue extracts contains 


increased proportion free fatty acid, might seem give strength 
such view, were not for the probability that the increased amou 


free fatty acid under such circumstances results hydration fat 


the long-continued extraction process boiling ether. 


That fatty fatty acid radicles are combinable with proteid 


clearly evidenced the example the so-called 


} 


which not yield their fatty radicles ordinary extraction wit 


ether, but can broken into fatty and non-fatty matter appro- 


priate methods. 


Obtaining results which seemed point the conclusion that 


serum contains combined fat, non-extractable with ether until afte: 


} 


tion, looked for similar combinations various proteid products 


they are now commonly prepared. 
results indicated that several proteid substances, which had been 


prepared and purified the usual methods, contained varying amount 


fat fatty acid close combination, Further, this fatty radi 
could and determined quantitatively Dormeyer 
method. such combination with ovomucoid was shown, but about 


three per cent extractive matter was separated from 


mucin, among other products. Most the proteids examined gave 


negative were not studied. 
The quantities substance extracted, and the amounts extract 


obtained the process, were comparatively small each the posi 


NERKING: 
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Combination 


tive Cases. When the ordinary unavoidable sources ( 

upon extractive quantities slight those obtaine 
experiments. should noted, further, that 
than one sample each particular proteid 

Nerking does not make clear the reader his pay 
products were given the great care 
extended extraction hot alcohol-ether, which 
complete purification. does not state that 
anhydrous ether, nor, indeed, that the 
had even been distilled him previous their 
was not certain, therefore, that the 
sometimes yield residual matter evaporation 
regarding the quantity fatty material contained the 
employed contain appreciable proportions 

the end his paper Nerking himself comment 
obvious weakness his experimental evidence the 
“tat proteid compe unds. adds, also, that all etl 
special combinations proteid with fat have ted 

With such doubts our minds were 
above referred to, and the same time appreciating 
ness Nerking’s results, particularly connection with 
set work ascertain the facts regarding the prot 
to below. 

INVESTIGATED 

Preparation. All the proteids worked with these 
with the few exceptions noted, had been prepare 
very carefully improved accepted methods for special 
other connections, some the data which have 
published. This fact emphasized this point 
results were obtained these experiments were not 
unusual care this particular instance, the separation 
teids, but are typical for these substances are accus 
this laboratory prepare them. 

Method estimating extractive substance was take 
low general extractive substance 
days continuously Soxhlet apparatus with 
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pared bulk and freshly distilled glass apparatus before us: 


evaporation, large quantities the ether completely disappeare 


without leaving residue. 
After preliminary extraction, the proteid was digested 


excess 0.2 per cent acid containing 0.8 gram com 


mercial pepsin scales per litre. Digestion this tluid was rapid 
complete. This quantity the pepsin preparation gm.) con 
tained 4.8 milligrams extractive material. After the 


‘a 


the extractions were conducted method 


All ether extracts, those obtained before well after 


were filtered, the papers thoroughly washed with ether and the wash 


ings added the main filtrate. Separation the ethereal extract 


from the fluid digestive mixture was made exactly, sep 


aratory funnel. There was tendency persistent emulsion this 


point any our experiments. The amount indigested 


was most very slight, even with the mucoids. 


ether extracts, after filtration, were evaporated vacuo in, 


small beakers. Care was taken entirely exclude dust particles 


filtration. very small amount water was left behind evapor- 


ating the ether which had beenin contact with the acid The 


amount solid matter dissolved must have been very slight 


absolute quantity, although forming appreciable proportion the 


weight the extract. See table, pages 338 and 339 


Mucoids. has been known for long time that acertain amount 


ether-soluble matter admixed with connective tissue mucoid 


when the latter first precipitated from its solution alkali 


The difficulties the way removing this admixture have 


been appreciated various observers, but one has determined 


the chemical nature the extractive substance. These glucoproteid 


products therefore appeared offer particularly interesting object 


for study this connection also. 
Our mucoids from tendon were prepared for the 


experiments recently described Cutter and 
extractive results were practically negative for each these. 

portion preparation No. which accident had been left 
the air-bath for few days somewhat longer period than was 
necessary carry down constant weight had become slightly 


Loe. cit 
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Combination Fat 


brownish (oxidized?) just 
similar circumstances. extracting 
yellowish first, then reddish yellow 
stance was very slight quantity, however 
having suggested greater amount 
was actually 

sample the same preparation when drie 


} 


results course, was developed 

results with purified tendomucoid 
determined next the amount extractive matter 
terial, which various observers, have already noted 
very difficult remove the purification process 


used sample crude tendomucoid prepared originally 
tive experiments now This product was cbtaine 


usual way from the Achilles tendon the its firs 


tation from lime-water the substance was washed free 


partly dehydrated per cent alcohol and dried 
layers grams this finely powdered 
the treatment with its preparation, 
extractive matter, large part which persisted 
even after two extraction. 

The extractive matter thus obtained 
consistency, but did not contain any fat crystals. 
solved ether and allowed evaporate spontaneously 


perature, crystals failed contained 


was shown the yield fatty acid. did not contain 


lecithin sufficient quantity respond the familiar tests. 


Our result this connection emphasizes the need 


extraction the purification 


Products 
5, example, 
7 riai the ether became 
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tinctorial 
d to constant Welcht 
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analyzed and The former was 


No. 


the latter, preparation Like the tendomucoid, 


products were found free from fatty material. 


1) 


Albuminoids. our albuminoid products was prepared 


improved method. were found practically free from extract 


material. 


Collagen. sample collagen from the femur the 


been made from ossein shavings for other experiments not 


etc., had been removed with lime-water 


sample tendon collagen fromthe tendon the 


been made the same way, for the same purpose, and was available 


for these expel iments. 


prepared from bone, for other experiments 


progress for some time, were used. They were made from 


obtained from the rib and the femur the ox, after remova 


the mucoid and albumoid above. ligament gelatin used 


was analyzed Richards and Through the kindness 


the former colleaguc, Dr. Van Name, were 


also, use samples two his preparations tendon gelatin 
and 
ur sampues Of elastin Wel preparea ana analyze \ 


and Their preparations Nos. and were used 


i 


Simple proteids. These also gave practically negative resu 


the two experiments with purified products. 


Gl. bulin. We used a sample of cocoa edestin obtained by Kirk 


wood and preparation No. endosperm 


cocoanut, from which this preparation edestin was made, con 
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large proportions fat and fatty acids, condition particularly favor 


able admixture combination with proteid, such had 


] 


product had been made Fried and 


HAWK and This 1902, vil, 340 


and This journal, 1902, vil, 
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rhe table pages 338 and summarizes the data obtain 
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> composition 
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( N () Cir 
17.47 6.6S 12.58 220 31.07 
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Proteid substance examined 
Nature 
Pencdomucoid ] 
5 
Pendomucoid — | 
Slightly oxidized 
; Dried in vacuo 
Chondromucoid. . . . 
bone collagen 
Tendor 
Cnaon 
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the time the first announcement the writer’s discovery 


out that the method preparing osseomucoid 


residual material particularly well adapted the study other 


ganic substances method, may recalled, consis 


briefly, preliminary softening superficial layers bone 


moving inorganic matter with dilute acid 0.2 per cent 


softer tissue was next transformed into thin shavings scraping 


with and finally, after hashing the and washing 


free acid water, was extracted with dilute alkali, such 


saturated The residual product thus obtained naturally 


contained collagen, also any other albuminoid constituent possibly 


present the tissue; other soluble proteid substances, such lymph 


proteids nucleo-compounds, having been The weak 


ness the acid and alkali used the process preparing the ossein 


preliminary account given the Proceedings the 


q 
General method of preparation 4 
Preparations with analytic résults 
Kecords analysis, preparations and 
Conclusions from the data analysis 
q 
; 7 
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makes probal 


than are 


bone This constituent has 
tors. They have given 


comparative study the albumoi 


Historical. Numerous 
osseous tissue. their 
left behind after solution 
usually 
proteids and nucleo-compound 
elastic fibres are admittedly 
though comparatively small 
some years 
study of osseous tissue, and publisl 
periments himself, which led 
the normal bone constituents 
located, part least 


canaliculi. His conclusion that this 


pendent its seeming indige 


solubility various reagen 


dD 


chemically. 

evident that Broesike had fallen into 
and that, consequence, the 
ductions were fallacious. 
acid, for Smith 
several others seem also to have done before 
matter remains after treatment the 


substance resistanteither completely 


further, that any albuminoid constituents 
entirely unaffected chemically extra 
process. 
observations induced study the elastin-lik 
een relerred to DY Several investiga 
7 t ] 
was found desirable, also, make 
cartilage. which has been referred 
have made chemical studies 
§ ches, the organic, proteid residue 
entirely collagen Lymph 
been however, and 
] nt in normal bon nd m Ossell 
nber.* 
ewed the data 
7 1d, also, THe TeSuLtS OF Se@Veral CX 
7 n to believe that keratin 1s amon j 
in the ining of the 
substance was keratin was 
which keratin, also, unaffected 
experimental 
chief chemical 
‘ riy demonstrated, as 
7 +} t little lig 
that very little solid 
‘ments bone with 


the influence new pepsin-acid solution, converted into 
slight proportion nuclein-like material entirely different from the 
Although Smith did not establish the identity the sub 
stance which Broesike called keratin, his work suggested that the 
material was 

With nothing very definite the point chemical identity 


therefore proceeded with our attempts isolate sufficient material 
analysis. 

General method preparation. our preparations were made 
from the femur the have already that the pre- 
liminary part the preparation process consisted first 


ing bone into ossein shavings, then putting the shavings through 


hashing machine and extracting the mucoid, nucleoproteids, 


from the finely divided 


After this treatment, the alkali remaining the shavings was 


removed repeated washing water. When this process had been 
completed the hash was heated water large, agate-ware kettle 
until the collagenous elements was 


later preparations the kettle was kept covered elevate the 


temperature the mixture the highest point possible under the cit 


id. t 


cumstances. When was desired renew the hydrating fluid, 


mixture was first strained through fine cloth sieve. When 

became more finely divided, toward the later stages the disint 

filtration hard filter sufficed for ready separation the 
solid matter. Conclusion the gelatinization process was determined 
not only the almost complete disappearance 
from the residual flocks, but also the nearly negative reaction 
the filtered fluid with picric Such slight reaction with this 
reagent persisted after few days’ boiling was due undoubtedly 


proteoses formed from the residual matter 


results experiments are obviously harmony with the 


that large quantities bone are ordinarily digested the alimentary tract 


plece 


carnivora. ourselves have witnessed the complete digestion 
} ] ] ‘ 
of fresh bone in a large proportion of normal gastric juice taken [rom a fs 
indissolved 


dog, 


only small proportion nuclein-like material remaining 


This has since generally been taken tor granted. See Text-books phys 


This method was given detail the second contril 


trom this lal 


tory the subject the preparation journal, 
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The resultant product contained 
was purified boiling 
Modifications of, and 
each preparation 
Preparation No. 
method just outlined. 
water for hours and 
over the boiling water bath for 
extraneous matter removed, treatment 


usual process proteid put ation 


The material thus obtained was 
color moist substance 
granular for the 


i 


fragments probably clastic materia 
supposedly pure product contained 


cium The ash-tree 


pepsin-hydrochloric acid, samples 


forming good proportion. 


was very evident from these results 
obtained after treatment with 
considerable inorganic matter, 
residue even af Its complete di 


Preparation No. The 


about was washe 


tin-like substance, which 
stomary Manner. 
Od are n CU DeIOW 
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i contin In a Task 
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for week, until only slight quantities phosphate could 


detected the washings. After dehydration, this product 
contained 40.25 per cent ash.! physical condition the pre 
viously dried material was doubtless unfavorable complete elimi 


nation the saline matter the very weak acid used. 


frequently stirred with the alkali for about day. 


twenty-four hours 


The preparation itself gave the Millon’s, xanthoproteic, 
reactions very distinctly. The composition the ash-free 


was follows 


Preparation No. This was obtained several pounds 


shavings which had been made 0.5 per cent hydrochloric 


After the removal the mucoid the shavings had been kept extra 
ing large excess 0.25 per cent potassium hydroxide for 
compounds. 

When the alkali had been washed out, the ossein hash was kept 
boiling water ten hours daily for thirteen days. the 


water became faintly alkaline each time was renewed, because 


persistently high proportion ash these two preparations broug 
mind the old question possible chemical combination between some 
inorganic and organic substances bone (Consult the discussion this matter 


later results, however, will seen, not the same indi 


those the first two preparations From our later data appears that 


only mechanical obstacles the ready removal the inorganic matter, and 


when these are overcome more thorough acid treatment, the amount 


not much above that 


associated with the average proteid trom other sou 


Shavings tor the preceding preparations were made trom bones treat 
per cent shavings had been kept per cent alce 


extraction of the muco 


This product was found entirely insoluble dilute 
potassium hydroxide, even when strong per biuret 
reaction could obtained the filtrate after the substance had bee: 


diminished quantity reason the solvent action the admixed 
phosphate, but biuret reaction could obtained with the acid 


extract even after had been contact with the substance 


and preserved during their accumulation per cent 


months, for complete elimination traces mucoid 


> 
7 
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q 
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6.62 
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pieces. 

he boiling process Was C 
necessary merely mak 
been transformed into 

stance remaining 
washed for ten day 

first 

0.05 per cent. Mur 


biuret 


=< 


cent 


proteose aiter twent 


heid aikall on disintegratl ol the fis 
the warmed mixture was 
1 ontinued much ionger than appeared to be 
e certalt tha Lil ollavenous matter had 
material 
ha Cr trom j 
WHINE process, Line pro ct Was ret itedly 
4 ent to 2 per cent, and later decreasing to 
was obtainable the washings with the 0.2 
acid at first, aithougch as th phosphate con ent im ea he 
residual proteid became more susceptible the action the acid 
i 
and slight solution per cent acid finally occurred 
mained. This preparation, spite the long-continued ing 
q 
acid just before dehydration, contained per cent ash. Samples 
this substance vave the usual proteid color rea divested 
for this preparation were follows 
Nitrogen. wag gn sub 142 \ 1 ) r 
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ASH-FREE SUBSTANCH 


Preparation No. This product was obtained from shavings made 


about six months previously from bones treated with 0.5 per cent 


hydrochloric acid. shavings were washed once 0.1 per cent 


hydrochloric acid and thereafter kept acidified per cent alcoho! 


until several pounds material had been obtained. During the six 


months after removal the mucoid the ossein hash was repeatedly 


washed 0.3 per cent potassium after the alkali 


had been removed usual, hydration was effected boiling water 


repeatedly renewed and made faintly acid with acetic acid. 


this point the process treatment was identical with that tor prepa 


ration No. 
marked physical difference between this and the former products 


was observed. The residual material, although quite resistant the 


action the boiling water, was somewhat gelatinous appearance 


Though divided into minute flocks, these were somewhat adherent, 


and tended collect the top the hot water semi-gelatinous 


layer. This was casily broken into flocks stirrring. “The prod 


uct was finally much diminished bulk and appeared more soluble 


dilute acids than any the preceding preparations. did 


obtain sufficient for quantitative analysis. The residual substance 


gave the proteid color reactions. appeared transformation 


product resulting from the action the acid the 


during the process hydrating the collagen, although, aside from 


differences physical form and solubility, was identical with the 


other products. contained loosely-bound sulphur, was digestible, 


and did not yield reducing substance decomposition with acid 


Preparation No. shavings were freshly prepared 


treatment the bones with per cent 


kilos the material were made. While they were accumulating, the 


combination. was the constituent 
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until only traces phosphate were being removed. this point 
the washings did not yield biuret reaction. 

After the acid had been thoroughly washed out, leaving 
readily soluble form! such traces phosphate might still 
the tissue, the usual hydration process was carried final 
residual substance had somewhat gelatinous appearance, just 
the case preparation No. this instance, also, the initial 
hydration was made the presence trace acid which had not 
been thoroughly washed Only about 0.6 gram substance 
obtained the process. 

The amount ash this preparation had been reduced 
improved method 3.07 per cent. percentage 


obtained for the ash-free substance were: 


S045 


microscopic study was made this connection the changes 


the ossein during the heating process. Samples were taken cach 


day during the ten days that the boiling was 
sample was placed per cent alcohol after had been washed 
water. 

the end the first day the boiling water the fibrous structure 
the material still remaining undissolved was but little modified, 
but much granular matter was present the hydration 
fibrous structure gradually disappeared, however, and long before the 
completion the hydration process practically nothing but small 
collections granular matter represented the original structures. 
occasional fragment what appeared elastic fibre could 
detected, 

Preparation No. Shavings, which had been made seven months 
previously from ossein obtained 0.5 per cent hydrochloric acid, were 
kept 0.25 per cent potassium hydroxide until ready for use 
these experiments. most the alkali had been removed with 


water the hash was washed for several days acid 


This method concluding the preliminary extractive process with acid 
the special advantage. over the previous methods, earth 
phosphate into acid modifications with alkali alone 
little extractive action the earthy phosphates, but, the contrary, tend 
to convert residual phosphates Of Cai jum and magnesium into tixed forms 


4 
( 
fe 
t 
( q 
q 
| 
= see foot-note, page 343 
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increasing strength per cent. When the acid appeare 

was begun. The fluid soon acquired acid reaction, 
reaction persisted several rst warm 


the substance went nto s ition, ait ] t re We f re 
mained neutral the end boiling for about 
hours, too little remained for qua titative analvsis 


Preparation No. results obtained with 


and indicated that the presence acid little might 
the fluid during hydration, tended transformation into 

somewhat gelatinous materia! was evident that 
was not gelatin. the same time was clear that was different 
from the residue obtained the absence acid the 

ho¢t sar las } ] } 

That the difference was mainly physical was indicated 


the fact that the analytic results tor the were 


essentially the for that obtained without the 
acid the hydration process. seemed best avoid this 

necessary complication, and this preparation was accomplishe 
About kilos shavings were freshly prepared from bones 


with 0.5 per cent hydrochloric acid After removal the mucoid 


with lime-water, usual, the shavings were kept per cent 
hydrochloric acid for three weeks remove inorganic 


acid was frequent renewed the end time only 


phosphate reaction was obtainal the 
acid was very thoroughiy removed repeated Washing in and 


warm water. The boiling process large volumes frequently 


renewed water continued for hours moist material was 


flocculent, granular, cream colored, and had gelatinous qualit 

usual treatment with acid before boiling alcohol-ether 


amounted only 2.08 per had the usual brick-red 
analytic results for this preparation were 


Phe product soon became quite was very 
q 
4 
4 
4 
q 


gm. 
substance 
substance gave gm. Ash 2.06 per cent, Ash. 


This preparation, purification and drying, was found 


\ iubie In Water, IO pel cent sodium Cmioride, O.2 per ce 


hydrochloric acid, and per cent sodium carbonate; but slowly 


soluble per ceat hydrochloric acid and per cent potassium 


hydroxide. Solution was more rapid the alkali than the 


all the reagents except water and sodium chloride, 


tion took place speedily were formed 


this treatment and could precipitated neutralization Part 


sulphur the substance could split off heating with potassium 


hydroxide and detected sulphide with lead acetate. The 


proportion the sulphur was closely united, however. 


tinet] 


The substance gave the typical proteid color reactions distinctly 


and digested acid, with formation 


albuminate and proteoses. small proportion 
residue remained undissolved. This was soluble dilute alkali and 
insoluble dilute could not detected 


only traces had been formed from the small quantity substance 


used the decomposition with per cent hydrochlori 


acid the product failed yield reducing substance. 


Preparation No. This was made essentially the same process 


Compare the similar results obtained with ligament 


Til. 
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SUMMARY OF ANALYTICAL RESULTS FOR PERCENTAGE COMPOSITION OF 

OssFOALBUMOID 

Preparation Ash-free Substance 

No ( N () 

l 1S] 6.05 eee 

$9.6) 6.70 16.03 11] 

5 30.57 717 1.14 

6 S045 71.24 307 

3017 16.30 1.19 235.33 » 74 
\veray 
50 7.43 16.17 11s I, AG { 
1-9 6.92 16.12 1.16 
\Ibumoid 33.12 L662 O79 67 
Collage 50.75 6.47 17.56 24.92 
Keratin# 6.52 16S] 23.20 
54.14 7.33 16.87 21.452 
From cartilag See page 357 this 
‘ 
From the crystalline lens MORNER: Zeitschrift fur physi gische Chem 
xvill, p. 7S 

From gelatit lhid., 1S7Y, u, p. 322 

xxvi, 29] 
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extent 

the most part with those 
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able qualities and composition, tho 


action seems proper 


obtained from bone elastin-like all 


chemical 
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present, classific 
convenience. 
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exact location 


however, that - substance is the sar 
Broesike and which was found 
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canals, 

tions.’ It is possible, ot ce 
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the method have employed composed more 


stance, although the 


admixed any appre 
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appearcd somewhat greater, however, than the quantity 


sponding constituent 


CHONDROALBU MOID. 


qualities the albumoid obtained from bone were found 
nearly the same those ascribed the albumoid cartilage that 
comparative study the latter body appeared 
desirable this connection. 

Historical. will recalled that his classical researches 
the constituents hyaline cartilage, Morner? separated 
which considered albumoid. This body was residual sul 
stance obtained from the tracheal cartilages the after complete 
hydration the collagenous elements boiling water 
digestor 

The substance obtained this way was entirely insoluble 
cent potassium hydroxide, but slightly soluble per cent 
the same reagent. was readily soluble boiling 0.1 per cent 
alkali. digested completely, with formation albuminate, pro 
teose, and contained considerable loosely united 
but did not yield reducing substance decomposition with acid 
Its resemblance keratin and elastin some respects, 
ference from them others, made necessary for Morner 
sider proteid the indefinite albumoid type. 

The quantities albumoid obtained Morner’s experiments 
too small offer favorable opportunity for elementary analysis. 
transformed into albuminate such material was available, how 
ever, for the sake removing insoluble extraneous matter, and 
determined the nitrogen content the derived products 
determinations the alkali albuminate made with boiling per cent 
potassium hydroxide contained 15.87 per cent nitrogen; 
with boiling 0.§ per cent potassium hydroxide had 16.02 per cent 
Neither these results was for ash-free substance, the ash not having 
been determined. The nitrogen content, also not ash-free, one 
preparation, made boiling 0.5 per cent hydrochloric acid, was 15.43 
per Morner concluded that the albumoid itself has content 


nitrogen ranging between and per cent. 
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stance gave 0.3538 $5.06 per cent and 1202 gm. 
2365 substance gave 0.03396 gm. 14.36 per cent 
cent 
Phosph rus of t Ass 0.0295 um. Ash yvave 12 gm. Mzg.P.O 
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preparations possessed the 


ferred some detail connection with preparations Nos. and 


i 


our The reactions for loosely bound were, 


however, very much stronger for the cartilage preparations than 


those prepared from the the other hand, sulphur obtain 
able boiling with per cent 
acid, appeared less comparative tests than for the bone 
products. 
The following summary brings into contrast the analytic averages 
for the albumoid products from both sources 
PrRRCENI \ \ 1 Iho 


Conclusions from the data analysis. The properties this sub- 

exactly the same indicated its higher content 

sulphur and its considerably lower content larger 

proportion sulphur obtainable from cleavage with alkali has 
already been referred to. 

These differences are not sufficient, however, prevent the con 

clusion that the two substances are closely related members the 


same class 


The relative amount the substance 


appears 
less, have already said, than the proportion 


| 
| 
7 
| 
7 
N 14.04 14.95 
7 
For facts regarding location of albumoid in cartilage ee NG 


SUMMARY CONCLUSIONS. 


Osseous tissue contains residual proteid substance, 
after hydration the collagen, which neither keratin nor typical 


elastin, although resembles the latter body. 
This substance present bone only comparatively small pro 


portion, though apparently greater relative quantity than the 


responding constituent cartilage. 


The average percentage elementary composition the purest prod 
ucts was found follows, calculated for ash-free 


50.16 7.03 16.17 1.18 25.46 


The analyzed products were free from organic phosphorus. 
The substance appears very similar some the albumoids, 
particularly that from cartilage. has therefore been termed 


osseoalbumoid. 
attempts have been made location the tissue, 


but appears identical with the substance referred errone 


ously Broesike keratin and found him the lining the 


and canaliculi. possible, also, that the elastic fibres 


the bone have contributed substance the preparations. 


investigation the qualities chrondroalbumoid con 


firmed most Morner’s conclusions regarding it. 


addition, its elementary composition has been determined, with 


the following percentage results for ash-free substance 


50.46 7.05 14.95 L.S6 25.68 


This product likewise devoid phosphorus organic combi 


nation. 


Average preparations Nos. and our purest products. 


2 
tee: 
: 
14 
a 


ADRENALIN THE ACTIVE PRINCIPLE 


has recently attempted show that adre 


nalin, since reduces solution, not identical with the 
native principle found gland, since the former reduces 
Fehling’s solution, while the latter does not. 

This lack conformity reaction, claims explained the fact 
that adrenalin reduced form the native principle, since the 
method used for the isolation adrenalin, hydrogen sulphide, 
reducing agent, was used. substantiate this contention that the 
native principle does not reduce lehling’s solution, \bel cites one of 
his previous which especial attention was given this 
point, alsoother papers Moore,’ and 
all whom were unable reduce solution with their ques- 
tionable products supposed contain more less the native prin 
ciple. The failure these pre obtained these investigators 
reduce Fehling’s solution might possibly attributed some dis 
turbing substance which interferes with the reaction. 


probable 
that this assumption may true part, but there 


are other reasons why these workers have failed obtain the 
tion just alluded to: 


(1) Inall preparations there possibility and strong 
probability that partial oxidation the native principle had taken 


Wurzburg, 


13 
€ 
| 
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Aldrich. 
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iron salt: possibility oxidation the this 
compound not autoclave product obtained Abe! 
may be, and doubt is, partially oxidized product or, least, 
product fundamentally changed from the native principle, 


having some properties common with 
(2) known fact that the quantity adrenalin, the native 
principle, the gland, very small —estimated all the way from 


per cent, possibly more; therefore possible that too 


little the native principle was present the extracts the various 


authors obtain perceptible even adrenalin, the 


yure principle, requires about 0.5 mgm. (under conditions given 
> 


below) give noticeable reduction, while with possibly disturbing 


substances, the case the various extracts, would presumably 


require more. 
consider the failure the various workers this field obtain 


product capable reducing solution due changed 
form the active principle, using too small amount the 


the extracts were more less active raising the blood- 


pressure, sure, but when one considers the small amount neces 


sary produce marked rise blood-pressure mgm. produce 


number millimetres rise) compared with 0.5 mgm. (50 times 


much) the amount necessary produce noticeable reduction 
the facts have advanced seem still more probable. Neglecting 
all these more less probable suppositions, have the following 


show: 
(1) That the active principle obtained the form extract 


without the use ofan oxidizing reducing agent will reduce 


solution about proportionately the amount adrenalin present. 


(2) That the mother-liquor from adrenalin does not reduce 


solution except comparatively large amounts. 
That adrenalin prepared without the use reducing agent 
will reduce Fehling’s solution. 


That adrenalin, the copper-sulphate-reducing body, 


blood-pressure-raising body are identical. 


PREPARATION THE GLAND THAT REDUCES 


The finely divided glands were extracted the usual manner with 
water heated about 50-80 The united extracts were then 


coagulate extracted proteids, little acetic acid being added 
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facilitate this coagulation. After being freed fat 
possible, the filtrate was evaporated vacuo small volume, 
and then precipitated with per cent alcohol which removed 
the most part some amorphous bodies. The alcoholic solution could 
readily decanted, this precipitate, being gummy, adhered the 
bottom and sides the alcoholic liquid was evaporated 
vacuo again still smaller volume than and 
cipitated, this time with strong body similar the one 
previously obtained with alcohol was thrown down, and the alcohol 
removed decanting the same manner The last alco 
holic solution was evaporated vacuo and the resulting more less 
colored liquid was used for the reduction tests with solution, 
The method employed obtaining this extract, Abel clainis, pre 
cludes the occurrence either reduction oxidation, except 
the latter might induced exposure air. 

All the reduction tests given below were carried out follows 

c.c. the freshly prepared mixed solution diluted 
with was placed casserole and brought boiling. 
The reducing solution was then added, and the mixture boiled two 
two more milligrams adrenalin were present 
solution the reduction was readily noticeable inclining the vessel 
one side without cooling. When, however, there was very little 
reduction was necessary allow the solution cool then 
decant carefully the liquid, whereby the faint reddish tinge caused 
the reduced copper could readily secn against the 
the the reduction was very slight, the color 
became more noticeable allowing drop dilute acid across 
the bottom the this last method the faintest trace can 
detected, and its use have been enabled detect little 
0.5 mgm. adrenalin The rapidity will 
depend naturally the amount reducing substance contained 
the extract. Many extracts from lots glands were pre- 
pared according the method given above, and cach one 
reduced solution boiling. can draw but one conclu 
sion from these facts: The prepared above contains body 
originally the gland which reduces solution boiling. 
Now this body which causes this reduction may may not iden 
tical with adrenalin, which also reduces Fehling’s how 


ever, after the removal adrenalin from this extract, can shown 


that what left does not appreciably reduce this solution, certain 
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that this native principle and adrenalin are identical. This has 


tually been done. 
Five c.c. extract prepared above was diluted with and 


measuring. 
The mixed Fehling’s solution casserole and heated 


boiling, then measured portions the diluted extract were added 


and boiled two minutes, eight tests being made all, 


5.0 c.c. gave very marked reduction. 0.2 c.c. gave faintest trace 
1.0 gave very marked reduction. 0.2 gave faintest trace. 
0.5 gave marked reduction. gave reduction 


gave noticeable reduction. 


The amount reduction shown any extract the amount 
adrenalin obtainable from extract will depend, certain extent 


least, upon the freshness the glands from which the extract 


REMOVAL ADRENALIN, THE NATIVE PRINCIPLE, 
SUPRARENAL EXTRACT. 


the preceding, c.c. the original extract was taken, and 
c.c. saturated solution pure sodium carbonate was added. 
few drops ether were added facilitate the precipitation and, 
after agitating little, set aside. The adrenalin was precipitated 
very short time. After allowing stand for two hours sure 


precipitation possible, was filtered under suction, 
and the adrenalin washed first with water, then with absolute 
and ether succession. The alcohol-ether wash fluid was caught 


After allowing dry thoroughly the adrenalin weighed 
0.1633 gm. (There was, doubt, little lost, practically 


impossible wash thoroughly without dissolving some.) This 
adrenalin was dissolved alittle water which few drops hydro 


chloric acid was added and the solution made c.c. 
The reduction power this solution was tested, the previous 
experiment, with the extract, and with the same amount 


solution, same dilution, and boiling the same length time 


(1-2 minutes). results were the following: 


0.5 gave very marked reduction. 0.2 gave uncertain result. 


0.3 gave very noticeable gave reduction. 
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will add that the rapidity reduction depends the strength 
amount adrenalin present. 0.5 this strength solution 
shows reduction less than one minute, while 0.3 required 


minute more before was noticeable. 


FROM SUPRARENAL EXTRACT AFTER REMOVAL 
ADRENALIN. 


The filtrate from adrenalin plus wash water (but alcohol-ether 
wash liquid) was diluted exactly and its 
towards solution also was carried out given 


above with the following 


Bopy, THE SUBSTANCE, THI 
NATIVE PRINCIPLE. 


has been shown another part this paper that the removal 
adrenalin from extract the suprarenal gland causes diminu 
tion its reducing power shown toward Fehling’s solution; 
fact has been shown that the adrenalin can removed com 
pletely that the filtrate from the same, even comparatively large 
amounts, not capable reducing solution any great 
will add this point that the reducing power the 
filtrate also depends upon the precipitant used throwing out 
the adrenalin. When ammonium hydrate used more adrenalin 
obtained than when solution sodium 
employed, and consequence the filtrate where the former used 
contains less adrenalin, and therefore requires more show 


tilly. Since. however the amount of reduction dey 

nalin and sinee this amount varies cons 

that the amount mother-liquor required cause 

that the precipitation adrenalin was very complete 

would often give faint reduction showing 


q S cc. gave no reduction after boiling 2 min.! 
{ lO e.c. gave no reduction after boiling 2 min 1 
: 
( GAVE HO icuion atter boiling 2 min 
4 
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experiments adrenalin shown the copper-sulphate-reducing 
body either when isolated the original extract, remains 


shown whether not the reducing body identical with the blood 


pressure-raising body well, and therefore the latter also 


with adrenalin. 
The following experiments were carried out demonstrate the 


identity the three 


Two concentrated aqueous extracts (A) and prepared from 


two different lots bovine suprarenal and the 
| 


previously described, were employed for this solutions 


each were used, viz.: 


Containing respectively the original concentrated extracts 


and diluted with water 
188.5 mgms. adrenalin extract): 158.6 mgms. 


tained tro 


tively. The adrenalin in each case was the total amount obtain 


of sodium carbonate being employed in each case to effect the precipi 


After allowing stand for one the precipitated adren 


was collected and washed succession with water, stro 


alcohol, and ether, and finally weighed. 


‘ith these. 


none the wash liquids being allowed mix 


IV. Containing respectively 200 mgms. adrenalin 


mgms. extract) dissolved, This adrenalin was 


> 


obtained from c.c. the original concentrated aqueous extract, 


ammonium hydrate (10 per cent) being employed effect the 


tation. The precipitated adrenalin was treated further and 


finally weighed. 
Consisting the mother liquors from (IV) made 


1 
t 


= 


BLoop-PRESSURE 


these experiments chloretone was used the and 


sufficient time was allowed after cach injection for the blood-pressure 


assume its normal height. The solutions used cach case were 


made from the stronger solutions previously alluded to, and were 


diluted for convenience and accuracy measuring. The amount 


dilution will given under the proper heads below. 


This work was carried out through the kindness Dr. Mogk 


7 

: 

q 

t 

7 
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Extract (A) 


‘These tests were made the manner 


Cland 
t 
(1) rec. of (1) diluted to 1 Ce. Pach this tion « t 
proagucea ris Ol Ig) 1M. OF Mercury. 
the greater part of the adrenalin havin en removed. 
O2 0.5 C.c. OF Th olution contain 
q rise OF 12 Of mercury. 
5 Ci. \ diluted to 4 Each c.c. of t contain 
the greater part drenalin having removed, 
Extract 
5 mom ort orly concentrated’ extract | 
produces ait Of ff thm. Of mercury 
5 (5 mMgms.) of the nab conceentrat CxtTact, 
the greater part the adrenalin having removed, and 
tains 2c.c. (2 mems (proce i ofa 
] 
described, and are 
7 
7 
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Extract (A). 


Extract (B) 


tabulated page 


have the results obtained 


( 


€.c. 


( 


( 


/ 


of (1) gave the merest trac 


ive a very pos tive reduction. 


(IT) gave very slight trace. 


of (11) gave no reduction 

of (TET) gave no reductio 

of (TED) gave a faint redu 

of (III ive a very positive reducti 


of (ITV) gave a very 


} 


of (IV) gave a very faint reduction 


(IV) the faintest trace reduction 


of (V) gave no reduction 
of (V) gave no reduction. 


of gave a trace of reduct 


of (1) gave a very positive reduction 
of (1) gave a shight trace of reduct } 
of (1) gave t slightest trac 


gave the slightest trace 


of (IIL) gave no reduction 


gave questionable reduction 


of (IV) gave a very positive reduction 


(IV) gave the slightest 


of (V) gave no reduction 


of (V) gave no reduction 


(V) gave reduction 


of (V) gave a questionable reduction 


For convenience comparison the results obtained above 


each case the amount used this table for injecting for the 
reduction tests was calculated back the first 100 solution, and 
each quantity thercfore this portion that solution. 
extract with all the inert material present; columns (2) and (4) 
those obtained from the adrenalin gotten out the same amount 


extract used columns (3) and (5) those 


from the original 


q 
0.3 c.c. of (1) cave a very slight trace 
0.2 
< O.2 c.c. 
10.0 ce. 
5 
on 
- 
0.3 c. 
15.0 cx 
25.0 
0.3 c. 7 
0.2 c.c 
10.0 
0.3 
q 
4 
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from the mother liquor after removal most the active principle, 
but which contained naturally small amount adrenalin 


Comparing column (1) with columns (2) and (4) notice that 


its reducing power approximately the same these 
its blood-pressure-raising property, when everything taken into 


consideration, also not very far removed from these. (2) and (4) 


should show less activity because they not contain all 


adrenalin, found (1); this variation readily accounted tor 


mem. Ad.) (01 n Ad.) 


Mim. 

mereut mm 14.0 13.0.m hoon 
Amout t f 

first TOO 

(O.G0S maim. A mem, A 

Amount required of 


first cc. 
tion toshowr 
tion 


columns (3) and (5) which show some activity. Now the results 


given (2) and (4) were obtained from the and 
since these results correspond closely with those which 
contains the unaltered active principle, and whereas (3) and have 
very little activity, evident that adrenalin the blood-pressure 
raising body, the copper-sulphate-reducing body, and theretore the 
active principle found the adrenal 

also shown this table that the adrenalin obtained using 
saturated sodium carbonate solution precipitant (2) shows 
practically the same results that obtained using ammonium 
hydrate will also state this connection that the 
form the two precipitates was was observed, how 
ever, that ammonium hydrate usually precipitated the adrenalin more 


quickly than the sodium carbonate solution. 


a 
(| 2 H 
4 - ) ® 
mercury 19.0 mm 12.0 mm 12000 PAU 
Amount injected of 
7 first 100 c.c. solu 
Amount required of 
first 100 cc. s 1 
i 
7 
7 
. 
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CONCLUSIONS. 


(1) All concentrated aqueous extracts the suprarenal gland 
reduce Fehling’s solution 

(2) The adrenalin obtained from certain amount the aqueous 
extract reduces Fehling’s solution approximately the same propor- 
tion the original extract from which was obtained. 

(3) The mother liquor after removal the greater part the 
adrenalin, except comparatively large amounts, does not reduce 
solution. 

(4) Adrenalin not reduced form the native principle, since 
was obtained without the use reducing agent, such hydrogen 
sulphide. 

(5) Adrenalin the same whether obtained using sodium 
carbonate solution ammonium hydrate 

(6) and the other questionable products obtained 
from the gland, must oxidized least changed form 
adrenalin, the active principle, since they not reduce 
solution. 

(7) Adrenalin identical with the copper-sulphate-reducing body, 
the blood-pressure-raising substance, found the gland, and 
therefore the active principle the same, and not modified 
changed form, Abel contends. 


— 


piney 


4 
7 
7 
| 
7 
q 
4 


onan 


a 
q 
4 
i 
4 
7 
q 


CASE VOLUNTARY ERECTION THE HUMAN 
HAIR AND PRODUCTION CUTIS 


NSUTIS ANSERINA, coose-flesh, or eoose-skin, is usually thought 

purely reflex phenomenon. The contraction the 
muscle fibres, the arrectores pilorum, connection with 
ingly follicle, pulls the axis the follicle into position 
more less perfectly perpendicular the surface the skin, causing 
the erection the hair, and the same time draws the whole mass 
tissues surrounding the follicle toward the surface and causes the 
papule protrude. The reflex may brought about 
well known ways; exposure the skin cold, the play 
the emotions under certain conditions mechanical stimu 
lation certain regions the skin. 

The kind and amount response mechanical stimulation (rub 
bing the skin with the wooden handle paper knife) has been 
studied especially Individual differences are very great. 


some persons the goose-skin appears only the region stimulated, 
others may extend over nearly the whole body. example 


coming under own observation will illustrate young 
men, college students, exercising the gymnasium, had the 
part the body naked. stimulated each turn drawing the 
handle scalpel along line about cm. from the sternal midline 
and extending from the third the seventh A., slender 
and rather nervous individual, the reflex was strongly marked, the 
papules rising promptly the back, arms, and 
stronger motor temperament and vigorous health, response could 
obtained except along the line who some 
what phlegmatic, health good, gave response the arms, back, 


legs, but the papules arose considerable region the chest 


also well known that great individual differences occur the 


1 FERE : Comptes rendus de la Socicté de biologie, 1 .~p 
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readiness with which exposure cold brings the reflex. 
same true the effect the emotions. some, the slightest 
physical fear brings the papules; others experience the creepy 
feel produced the hair movements, reading weird 
without succession waves contraction the arrectores 
pilorum. 

Cases are known which voluntary production goose-skin has 
been stimulated calling mental images, either the sensation 
chill, some emotion which been associated 
with the production the not improbable that 
usually sensitive subjects would possible practice acquire 
been able examine the literature, case actual, direct voluntary 
control has been put record heretofore, and the herein 
reported appears very probable, however, that, 
like voluntary control the heart-beat, the publication one 
will call attention others. 

the past eight months there has been under observation 
clearly marked case voluntary erection the hairs and production 
cutis anserina, and desire now make partial report the 
results observations. The condition can presented will, 
showing itself from two ten seconds from the instant the 
volition and disappearing with almost equal promptness. seen 
upon those regions the body upon which normal individuals 
appears cooling chilling the skin, being especially prominent 
upon the hips and thighs, the back and the arms. There 
There not the slightest resemblance factitious urti- 
caria any other the well known reflexes sometimes seen 
highly neurotic individuals. There marked change color 
the skin, only perhaps very slight increase pallor due 
vasomotor changes described below. The condition cutis an- 
serina pure and simple. (See Fig. 1.) Where the hairs are relatively 
large, the lower part the forearm, they can seen coming 
into partially erect position promptly and almost 
those the tail angry Where the hairs are minute 
one can see with lens that they make similar change position. 
one actually watching the performance doubts that the erection 
the hair produced the contraction the muscles, the arrec- 
tores pilorum, connection with the hair follicles. Each papule 
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Voluntary the Human 


plainly seen have hair its condition extends 


to the scalp, but in lesser de Tce. and the head hair is too heay y to 


actually erected. 


The subject this unusual power Mr. young 


became aware the possession this peculiarity when was 


eleven twelve years does not think that has changed 


character intensity since that afflicted with curva 


ture the spine, first noticed after protracted illness fitth 


hearing was impaired several years ago disease 


> 


these facts, his general health 


and cannot classed neurotic, 


that term has any definite meaning. 


The conditions will 


basis for exaggerated reflexes 


remarkable 


has probably much more with the 


has unusual control the facial muscles. 


moves the skin the scalp freely 
various directions; moves the 


will. the platvsma myoides 


} 


once. the muscles his fingers and toes also the voluntary 


control much more highly differentiated than average 


individual. These movements are not wholly nor very largely the 


result practice. discovered them learning that they were 


possessed his father. there any difference, the 


has the larger degree development the skin 


> 


members the family his father’s side there very decided 


tendency extreme hairiness the body, although himself does 


not show that characteristic very father able 


1 


erect the hairs voluntarily, but the condition can produced 


sesses side side two characteristics which co-exist marked 
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ous elements the panniculus muscular structures and the power 


erection the hairs. 


The remarkable neuro-muscular development here 


minds one once the description those persons possessing 
power voluntary acceleration the heart-beat. may mention 
here that Mr. McQuown absolutely unable control any 
way directly alter the heart-beat change the position the 
heart. The close relation existing between this and the cases 
voluntary control the heart, however, scen other particu 
lars, especially the close connection between the vaso-motor and 
the pilo-motor nerves. 
Goose-flesh may induced some persons the imagination 
chill some horrifying scene. certainly not the method 
used Mr. intelligent student and takes 
4 


great interest anything that tends throw light the explanation 


the unusual power which Ile has given every oppor- 


tunity possible within the limits his time here for the study his 


case. absolutely sure that does not call into play the imagi- 


nation nor the emotions bringing about the does 


not “think chill” nor picture some hair-raising affirms 


that merely wills the erection the papules, just wills the 


contraction any skeletal muscle group, and the result follows the 


volition the same way. 
does not wait for favorable moment when his sensations might 


lead him know that the erection about occur spontaneously 


but contracts and relaxes the arrectores pilorum any desired 


ment. each the accompanying kymograph tracings the 


line was made electrical signal operated spring tap 


the key depressed the lever and made short slanting had 
some portion his body, usually the right forearm, under obser- 
vation. The moment for the erection the papules was chosen 
myself not Mr. When the erection was desired pro 
nounced the syllable On,” tapping the key the same instant. The 
signal thus made marked all the tracings. ‘The instant that 
saw the papules rising tapped the key again, and the mark resulting 


indicated the tracings. The reaction time shown 


the time curve which each double vibration equals two seconds. 


The voluntary cessation more striking than the inception. 


signal for cessation was the word and the corresponding mark 
the tracings The moment complete depression the 
q 
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attention upon tiie or the t i 
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the phenomenon ts caus \} sure O i I 
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put out the question the facts already stated. prompt 
i . i 
pearance and disappearance the papules desire 
i ag I i 
change temperature were the exciting cause. have 
repcatedly observed the erection when only small 
light distance. Just other individu however, exposure his 
this respect skin little more sensitive the averave 
man, and does not find shower baths any 
enyoyabie 
Che papule > Can aiSO raised renexly by 1} i 1) 
the ordinary way, and the response more 
than the average person the phenomenon can 
reflexly, however, does not prove reflex volun 
tary in allc nyu more than that the mn le ns 
ary all cases, any more than that the 
tract reflexly only because they can made 
= 
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The erection can continued for many minutes succession, but 
fatigue enters more effort becomes necessary. watching the 
skin one sees that the papules frequently relax little and then 
crease size impulse had been sent them. the 
power becomes lessened fatigue, these waves motion 
more obvious, and one can observe some relation between them and 
the respiration, although the fluctuating periods not always coin 
cide number with the respirations, nor time with any particula: 
respiratory phase. The subject, far can remember, has never 
through fatigue been unable erect the papules, but when the power 
has been exercised for unaccustomed length time, the necessary 
effort becomes very great and distinctly unpleasant feeling inter- 
ference with the respiration experienced. 

attempting discover the modus operandi inciting the 
muscles contraction, Mr. McQuown thought that certain change 


ffl 
SR so 8 R 8 0 
2.—Curve respiration 
the character the respiratory movements was 


sensation usually felt the chest held rather more than usual 
the inspiratory phase, and the breathing deepened momentarily 
suspended. test this and ascertain the actual conditions num 

erous pneumograph tracings were taken. many these marked 
change the respiration was shown and the change was not the 
sort his case found characteristic mental attention. 
soon became evident that these altered respiratory movements are 
not necessary concomitant the phenomenon, for tracings were 
obtained when the papules were promptly and strongly produced 
usual, but apparently characteristic change occurred the curve 
respiration. Thus Fig. would not easy show con- 
nection between the respiration and the erection the 
analysis the conditions involved brought light the fact that the 
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amount respiratory disturbance depends largely 
fatigue incurred through repetition the fatigue 
the respiratory movements become very great well 
known, not without parallel other voluntary 


typical respiration curve during fatigue the the mo- 
ment relaxation there not infrequently momentary suspensi 
movement the expiratory phase (Fig. 2), but this 
means uniformly inclined believe that the changed 
respiration not cause the condition the skin nor medium 
through which reflex produced, but that the same nervous excita 
tion may produce the the skin alone, may affect the skin 
and the respiration simultaneously. 


connection with the foregoing, should noticed that 


tion the changes the breathing, holding the breath, deepenin 


1 
{ 
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breathing, increasing decreasing the rate the respiratory 
movements, did not the slightest degree produ erection 
hair papules. 

view the fact that the lower mammals erection the hairs 
often associated with reactions comparable certain emotional 
states, was interesting ascertain whether this case anything 
similar occurs. has been already mentioned that was not pos 
sible the imagination causes for emotion bring about the 
phenomenon. Nothing unusual could discovered the 
fear, sympathy, music, other exciting cause emotion, except 
one particular: namely, that witnessing interesting football 
game the papules are erected most the time, can brought 


with unusua! ease. 
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Langley! observed that the regions which erection 


hairs obtained the cat stimulation the sympathetic, 


small arteries the same time disappear from view and the 
PI 


Sh 


becomes pale consequence. ‘This vaso-motor effect was seen 
extend into lateral regions where erection the hairs 
Direct observation failed show with certainty any change 

cutaneous vessels Mr. McQuown during erection the papul 

although slight appearance increased pallor could usually 

observed imagined. account the distinctness with 

they could seen, especial attention was directed the 

vessels the ears; but little could detected with certainty unt 

the following plan was used: The observations were 

apartment lighted single north window, else direct sunlig 

observer was provided with black pasteboard tube 245 


long and mm. diameter subject was seated between 


observer and the window, and the tube was applied the ear 


way that the relative amount blood the ear 


the depth the pink assistant kept watch the 

the arm. The subject varied the condition the skin will and 
J a 

observer and assistant kept watch the ear and the skin respe 

tively and later compared notes. this way 

prove that vaso-motor changes invariably accompany the erection 


the hairs. 


The vaso-motor changes were farther studied the aid finger 


plethysmograph the form devised Professor Angell 


University Chicago and with absolutely definite results wer 


obtained. The tracings show that invariably the erection the 


papules accompanied reduction the volume the fingers 
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Voluntary Erect Lhe 7) fla } 
erection of the hairs 1s a 1} it) rai iil ~ 
and that the vaso-motor action more extensive than the 
was made the tambour connected with raph; 
Without exception the urve falis erection and its 
“Ince Durit r woluntarv acceleration ¢ > heart-heat there 
similiar vaso-motor change ne I ie ntract 
ind the volume of the extremities decrease In t Te i W 
ever, the constricted condition the blood-ves for some 
time aliter 1} LT eat Nas returned i 
t after erection f the hair The >in me 
true alter erection of the nalrs ne n volume ol crs al 
the time ot relaxation of the hair muscies 1s as p | i the ( Ge 
q occur in the pupikof the ey: Vhe servation of these is co 
plicated and rendered difficult the tact that the pupil dilate 
narkedly ittentian to nuthin reoanirin prart 
MarkKeay attention to anyt requiriny’ Cre 
the papules included. Thus when asked 
the factors yf 2” t sract the haire the wn wary 
th acto! ( t y, or to erec the Nairs, the pup alia ery 
similarly in the two cases In numerous OvServallIOns, However, i 
nave never found the dliatation to be absent, at i it the m nt 
- 1 ‘ 
the beginning the erection pupil remain 
dilated during the whole period the 
dergoes considerable oscillation. These 
connected with the wave like changes in the prominence ft ; 
ules already reterred connection with the respiration. see 
quite pl Mabie that the relation Detween the pupil dilator the 
vaso-constrictor elements well known experiment the 
animals obtains here also. oscillations the pupil would 
+ +} | 
han the corresponding constricted the art 
hence dancing the could occur during erect 
while the calibre ot the blood-ves remaimed 1 tivei ( tant 
remembers in this connection also the exa rerat tat 
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the arrectores pilorum this case 
fibres? Nearly every competent observer the phenomenon 
asked this question. order secure answer Mr. McQuown 
volunteered submit Patton and Linn, prac- 
tising physicians this city, kindly performed for the 
removing small piece skin from the anterior surface the thigh 
The portion selected contained two papules and included the entire 
depth the skin down the subcutaneous tissue. The piece 
hardened, embedded paraffine and sectioned perpendicularly the 
surface the plane the muscle sections not show 
anything unusual abnormal. The muscles were very distinctly 
seen made the ordinary plain striated fibres 
were present. The muscle bundles seem, possibly, little 
than usual, but cannot speak positively this point because (1) 
have not had sufficient opportunity compare sections 
same region the skin other individuals and (2) only two papules 
were observed and valid conclusion could based limited 
observation, 

now the question whether the erection the hairs 
considered voluntary act reflex voluntarily initiated, the 
fact that plain and not striped muscle fibres are concerned makes 
essential difference. well known that there are certain 
striated muscles which the great majority men and lower ani- 
mals are wholly beyond the control the classification 
clearly unscientific. classification based reaction time and the 
rate movement during contraction more rational, since striated 
muscles occur where prompt and rapid movement 
reaction time for the hair muscles was, this case, three 
seconds, probably twenty-five times long for the skeletal mus- 
the only essential difference the response the vol 
untary impulse, presented the two kinds muscular tissue. 
Striated muscles are usually voluntary, plain muscles involuntary 
but there reason why the reverse could not true, and 
now have exceptions both sides. seems not improb 
able that further observation will bring light other instances 
voluntary control non-striated muscle. 

Lingle the University Chicago and Dr. Hyde the Rush 


Medical College for valuable suggestions and assistance the 


this case 


\ 
; 


a 


Voluntary Erection the Human 


The results observations this case may brietly sum- 
marized follows: 

The erection the papules can brought about voluntarily. 

The voluntary control the arrectores pilorum 
correlated with inherited, unusual neuro-muscular and dermal 
development. 

The erection the hairs this case accompanied vaso 
motor changes such nature that the vaso-constrictors are stimu 
lated while the arrectores pilorum are contracted 

Dilatation the pupil occurs during the period erection. 
rhe dilatation most marked the beginning the erection and 
very inconstant amount. 

Modifications the respiratory movements usually accompany 


the phenomenon, but are not necessarily connected with 


The arrectores pilorum not contain striated 


4 


THE LYMPHAGOGIC ACTION THE STRAW 
AND POST-MORTEM FLOW 


+ 


his classic investigations lymph formation, 
active constituents his lymphagogues 


umed that 
first class (peptone, extracts leeches, crustacea, 
their particular lymphagogic influence stimulating the endotheli 
cells the blood capillaries, and that the latter thus exert secre 
tory function which results the formation lymph. remark 
that the the urticaria which sometimes follows the inges 


tion crustacea the diet 


disclosed such experiments 
carried out this connection. addition this urticaria 
there arises not infrequently diffuse the skin cert 
regions. Similar symptoms are repeatedly observed susceptible 
such oysters, crabs, lobsters, etc. They also occur occasionally 
after ingestion berries, particularly strawberries. 


hain has demonstrated the lymphagogic action the former grou] 


and have examined the strawberry order learn whether com- 


parable effects may produced experimentally this 

product. Since our attention was first directed the subje 

has published his observations the lymph flow 

thoracic duct after intravenous injections 
tions. observed that berry extracts introduced into the circula 
tion dogs exert unquestionable action. Since such 
extracts contain sugar and inorganic salts, both which have 
agogic action when introduced sufficient quantity into the bloo 


stream, was necessary take them into consideration. 


showed that the quantities these crystalloids present were 


cording experience) far too small produce 
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results obtained with the strawberry extracts 


itions 


observations 


1solate the active constituent has not vet been 


> hp hich ‘ 
experiments, the deta of which n ion { 


the presen 


peated here, the observations Clopatt were repeated 
determined, however, investigate some other features 


production after injection strawberry extracts, 


not 


represented dextrose, sodium chloride, give rise 


which is, anything, less rich dissolved substance than the lyn 


normally flowing from the duct the same animal. The other know 


solids than the corresponding these 
substances exert such diuretic action and the 


} } } 


ganic salts referred to; and some them produce 


marked fall arterial pressure. Attention 
to differences of this sort; and afew ol rvations on post-morte 
lymph formation have also bee hn made 


Experiments the follown illustrative experiment 


artery; the urmary tow was noted by means ol il lial i 


ters; an 


ometer. 


the experiment. Thre injections with “strawberry ext t \ ! 


made into the right facial vein. The extract was 


| 
salts, and failed note any marked rease 
other phenomena were reported 
‘ 
additional evidence that the action this material fact compat 
q ‘ } } { = 
able with that the other fir 
and entirely due the crystalloids present the berry 
bringing about acceleration lymph flow the latter 
lymph which they give rise, 1s, however, found 
q 
rom our protocois, 4 Ol Was ] ‘ 
halation chloroform-ether after subcutaneou 
- i 
43 from the thoracic duct; blood sampics were remove from at Ot 
l arterial bl cure w > wit! nercul 
arterial blood-pressure was led with mercury 
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forty grams desiccated berries with two hundred and fifty c.c. 
water and straining through cloth. ‘The results are given 


table. 


Llood-clotting 


tlow in solids in tlow in 
time. 


Lymph Lymph- lotal Urine- | 


12.00-12.25 : | 1.0 | 12.03 — 6 min. 
| 12.08 — 10 min. 


Injection strawberry extract 


none 
12.40 hrs 


17.0 7.5 
7.17 


4.3 


min 
6.50 | 
12.56 min. 
| 


strawberry extract 


Injection strawberry extract 
— Smin 


min. 
— 26 min 


min 


none 


none 


$.2 6.0 6.61 | 28 


blood-pressure falls suddenly and the dog dead 


| 4 
| 
12.35-12.45 
: 
| 1.34— 4 min 
137-147 oe 17 / 37 min 
6.75 
| \ | 
| | | 
| | | 
| | 
q 


the Lympha 


post-mortem lymph 


will observed that the acceleration lymph flow was 


greater after the first injection than after subsequent 


effect the extract retarding the coagulability the blood and 


lymph was likewise scarcely notable after the later injections. 


fact accords with the observations frequently made the 
which obtained towards repeated injections other lymph 
The effects blood-pressure resembled those obtained 
after albumose injections, although the recovery from fall pressure 
was rather rapid and succeeding injection was less efficient than 
its predecessor. The tracings from this experiment are reproduced 
on p. 384 

Chemical examination the strawberry extracts 
Clopatt’s observation that the quantities sugar and salts present 


the volumes extract used were too bring about the 


marked results lymph flow noted Analyses twenty varietics 


American strawberries have given the following averaves 


Water \ 


Dry matter Crude 


rsit De ! ) 


4 
cA Per t 
Phe ‘te 12.25-1.05 i 
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Per cent Per t 
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mph 


st-mortem lymph flo 


These 
after somati 
Asher and 


lymph int 


tact demonstrate 


WW 


Assuming from these figures that the 
S first 
IncreasIng content Of trik ri 
} } } +} 
q the observation made in a ner iment ! 
kilos been prepared a pre j 
Fecel 1 TWO JCCUONS Cpa 
1 alcol ic extract ol dried rric 
strawberry pul neutraized With | \ 
{ fall in blood-presstre in each « ise, but » no ( et] 
clotting time the the latter bei very 
\ OFTUCT LO aSCCT tail) Wile i i i j 
Immune, a test injection i nve grams of \N\ i 
celerated, but there was no delay in biood ciott mui 
ifter the last injection the was killed into 
Mech assist The table on i 
the prolonged tlow ntrated 
| 
sequence of capillary phe ola hit ion 
has thus received its final blow the results are 
| al pure i\ poy sicai (in distinction trom i Da t \ 
must De looked upon as the effect of the atl ( 
the crystalloid passes from 
{ 
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lymph channels, the osmotic pressure the sugar playing the 
portant calling forth the stream lymph. Asher and Gie 
add, however, that other possibilities might drawn upon 
planation; and calling attention the parallelism 
mortem lymph formation salivary 
Lymph-tlow 
Time and conditions. minutes 
Before injection 
After injection the alcoholic strawberry 
extract 
After injection the neutralized straw 
berry juice 
After injection gms. Witte-peptone 
Post-mortem lymph-tlow successive pe- 
riods minutes 
Second hour. 2.0, 1.5, 1.0, 1.0 
0.1, 0.1, 0.1, 0.2, 0.05, 
The lymph collected post mortem did not clot 
suggest that distinctly physiological” processes are involved each 
case. own observations post-mortem lymph flow produced 
lymphagogues different class give support this view and 
further emphasize the fact that are not yet ready deny the 


specific importance the living (or cells for such physio- 
logical 


Moore and PARKER: This journal, 1902, vii, 291. 
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EXPERIMENTAL 


AND THE SPLEEN 


has been known since 
sart that the pancreas animals does not show marked 


power all times. The amylolytic, and perhaps the lipolytic, proper- 


ties can usually demonstrated quite Corvisart was 
himself the first note that during the actual progress digestion 


the pancreas variable solvent power for proteids. 


served the maximum digestive power about the cighth hour atter 


ingestion food, with subsequent minimum after the 
hour. Meissner noted that the pancreas fasting animals exerts 
proteolytic action, These observations were all verified Schiff. 
found that the peptonizing power pancreatic juice pan 


creatic extracts was not constant and continuous, but 


ather variable 
and intermittent. The most pronounced effects were obtained soon 


after the culmination digestion the stomach. sought for 
some explanation this periodic variation probability 
periodic central stimulation the nerves was soon excluded; and 


Schiff turned his attention toward another organ which 
spleen. 


chief paper embodying the results his investigations 
the possible interrelation the spleen and pancreas was 


has, however, received recognition consideration 
avoided the Thus Textbook, which 


rule rather exhaustive its historical and Bun 


melte ul on 
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Lehrbuch, the question interrelation the spleen and pancreas 
not even referred the American Textbook, the editor has 
according which the spleen produces something (an 
which, when carried the blood the pancreas, acts upon the tryp- 
sinogen contained this gland, converting into then 
adds: The experimental evidence upon which this view rests has 
ological Chemistry, presents the evidence available and 
statements this question are still disputed.”* may 
appropriate therefore, recall briefly some the facts ascertained 
Schiff carefully reviewed the recorded observations the periodi 
swelling the spleen and demonstrated striking synchronism 
between the progress splenic congestion after meal dis 
tribution trypsin juice gland infusions. Ile then 
repeated his earlier pancreatic experiments splenectomized animals 
animals which the spleen function was eliminated ligation 
the blood vessels the hilus. The methods used ascertain the 
proteolytic power the pancreas were various. some cases gland 
extracts were employed; others, the progress was studied 
introducing albumin into loop duodenum through 
manent duodenal fistula. all these many experiments, the 
observations were concordant showing that when the spleen 
extirpated prevented from dilating normally, trypsin absent 
from the pancreatic extract secretion the animals 
periods the digestive cycle when found abundant norma 
comparable thus appeared not only the presence 
the spleen necessary for the formation trypsin, but 
congestion that organ. pancreas animal deprived its 
spleen behaves (even the height the digestive period like 
normal animal during hunger. The explanation given 
the facts observed was adapted conform with 


+ 


theory. concluded, his own words, that 
the spleen organ which transforms part the peptogen 
bodies absorbed from the stomach that they are capable forming 
the proteid dissolving substance the After 


the secretion extracts the pancreas lose the power dissolving 
American physiology, 1806, 273 


HAMMARSTEN: Textbook physiological chemistry (translated 


DEL), 1QOO, p. 2 
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the pancreas itself, independently the exterior intlu 
ences, was longer tenabl Bat the facts 
unchanged; and the theory conform with 


ing Herzen! the pancreatic zymogen continually and 
therefore independently the changes the 
accumulates the pancreas during starvation normal 
splenectomized animals. The role the spleen consists contrib 
facilitates the transformation the zymogen 


more has added, entirely new methods, further series 
congested spleen mixed with inactive extract the 


creas obtained either from fasting, better from 


dog, the zymogen readily transformed trypsin; 


‘ 
power specific action the splenic extracts 
} 1) } } } 
not due the oxvgenating power the blood contained 
according Herzen, other blood except that from 


vein gives results comparable with those produced spleen 

observations have more recently been 
Gachet and Pachon,? who have turn brought another 
bear upon the problem. ‘They have found that part the pan 
creas removed from splenectomized dog and extract once 
prepared from it, and that then the blood obtained 


gested spleen injected intravenously and the second portion the 


pancreas removed at the end of twenty minutes, and extracted as 


before, two unlike infusions are obtained first 


proteids only after long time and very slowly; the second extract, 


obtained after the splenic injection, once 

rapidly investigators further attempted 


enzyme-like character the splenic substance 


tates the 


transformation the zymogen trypsin, experiment 


ana the Spleen. 
Gesammelte Beitrag r Phys ) INQ \ 
gesammte Physiologie, 1901. 
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made vitro. They found that temperature destroys 
this peculiar power the spleen infusions; and when active splecn 
infusions are precipitated with alcohol, the alcoholic extracts not 
contain active constituent. Since destruction heat and pre 
cipitation alcohol are well-known characteristics 


general, Gachet and Pachon conclude that the peculiar trypsinogeni 
properties the spleen are probably due something analogous 
enzymes. Like Herzen, they also speak secretion 
the spleen. 

Since the completion the present experiments has 
published further observations made Professor laboratory. 
The conclusions reached him probably represent the latest stand 


point and may therefore repeated writes: 


“(s) The pancreas of the dog presents two phast s of acti ity, (a) as \ 


and phase feebly evident after the decline digestion 


its culmen during complete during this period zymogen 


the gland cells, and this time the contents the latter, although 
ing for the most part pure zymogen, may, the previous intake food 


not copious enough its entire removal, include certain 


true rapid and intermittent phase coincident with the 
granules present the cells receive from the spleen the form 


the agent with which elaborate the active proteolyt 


ferment which passes forthwith into the glandular ducts. 
The blood supplies the vehicle which this the spleen 


transported to the pancreas (Herzen). It Ippears to be carried by 


elements of the blood, since 


find agreement with Herzen that the pancreas dog 
its spleen exists condition and permanent atryp 


elaboration zymogen continues the gland cells 


organism this process outside the pancreas and occurs 
result some agency other than the spleen.” 
Experiments vitro. present experiments were 


he Schill 


undertaken with the object examining the validity hit 


— 


4 
j 
4 
q 
; 
| 
3 


Pancreatic Digestion and 


Herzen Dogs were almost every 
The first series, carried out vitro entirely, was planned indicat 
the specific effect spleen infusions inactive fecbly active 


pancreatic relative proteolytic power was 


proteid was selected because its easy digestibility compared 

with coagulated egg-white. Since the inactive extracts 


contain zymogen which transformed 


trypsin standing, the demonstration original differences 
proteolytic power the extract must attempted quickly 
possible; hence the choice fibrin latter was very 


be adherent. leor, 48° 1s well know n, enzvmes readily atta h them 
selves the fibrin; and experience the laboratory has shown how 
readily they are formed when fibrin allowed stand 


for time warm room. Subsequent washin 


antiseptics like chloroform may destroy all bacteria present thout 
removing these foreign proteolytic experiments 
all possibility error this way was excluded the The 


fibrin was pressed dry possible, comminuted, and weighed 
condition. the end the digestive trials the undis 
solved residue was filtered off tarred paper, was washed very 


thoroughly, dried C., and weig 


hed The pancreatt extracts 


were prepared treating weighed portion the glandular tissue 


for two hours with saturated boric acid solution, recom 


rocesses were thus checked 


i 

without any very marked inhibition spleen was 
usually removed during chloroform-ether subcu 


taneous administration morphine, shortly before the digestion 
experiment and time previous feeding when was expected 
well distended with blood. This was usually about six hours 
The operation was carried out with aseptic and antiseptic precautions 
and the splenectomized dogs were used atter their recovery 


quent experiments the spleen were 


bh Spleen. 39! 
4 
q 
q 
, destroy any enzymes of bacterial o1 ther origin which micht 
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prepared with boric acid solution for the experiments 
Control trials were made under comparable conditions with fibrin 
and boric acid solution alone. protocols are given 
appendix this paper. The following description will indicate the 
details typical experiment. 


portions gms.) from the same part the pancreas splenec- 


tomized dog were macerated for two hours 39° with saturated 


boric acid solution and equal portions the filtrate 


the acid solution (1) and the boric acid extract 


the spleen (2) respectively were weighed 


fibrin was next introduced and the digestion allowed proceed 
for varying periods time, the end which the 


was filtered off and treated as described above. 


The results are expressed graphically the accompanying charts. 
The column marked (0) represents the weight the undissolved 
fibrin (dry) recovered from the control trial, and thus corresponds 
with the quantity proteid available for digestion; while the undis- 
solved residue the digestion trials represented (1) without 
splenic extract and (2) with splenic extract. 


@ 


EXPERIMEN? IT. IIT EXPERIMENT 


Pancreas of splenectomized dog. Pancreas of normal fasting dog. Pancreas of fasting cat. 
congested spleen. contracted spleen Splenic extract 
same anima! fasting cat 


investigation this direction was discontinued after the 
publication and Rowland’s observations the occurrence 
proteolytic enzyme the spleen. They ascertained that the 
expressed tissue juices from the spleen the ox, horse, sheep, and 
pig undergo gradual autolysis the presence acid 
reaction apparently favors the proteolysis, and the enzyme present 
presumably not identical with trypsin. The splenic juices will 
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also dissolve blood fibrin; but the proteolytic power does not 
very vigorous and seems unlikely that the marked 
results obtained with pancreatic extracts and dilute splenic infusions 
such employed are entirely attributable 
proteolytic splenic however, the absence special 
control trials, the results are fairly open The experi 
ments the second exclude this error. 

tissue from parts the pancreas making the comparable 
digestion trials, was desirable see whether variations 
teolytic power might associated with the 
Accordingly Experiment portion gms.) was removed trom 
both (1) the head and (2) the the pancreas 


tomized dog. Comparable extracts were prepared acid 
solution and allowed act upon gms. fibrin for twenty 
two hours. the chart shows, noticeable were 


Experiments the second experiments the 
method Gachet and Pachon was followed quite 
tomized dogs which had completely recovered from the effects the 
operation were employed. They were fed dog biscuit and meat 
until two three days before the experiment. ‘The last meal con 
sisted chopped lean meat. subcutaneous administration 


morphine sulphate, chloroform-ether inhalation was begun and 


the duodenum and attached pancreas were withdrawn during 


thesia through opening the linea alba. The free (lower) end 
the pancreas which detached from the gut was ligated and 
quickly The organs were returned the 
abdomen, which was then closed again. 125 
warm saline (0.7 per cent NaCl) extract congested spleen 
other organ were now injected into the vein. the end 


twenty minutes the animal was killed and the remainder the 


a 

EXPERIMENT 
Pancreas of splenectomized « 
(1) from pancreas; (2) from 

a 
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(1) and (2) were weighed out speedily possible, macerated and 
extracted for two hours with forty fifty saturated 
boric acid solution. The infusions were filtered through absorbent 
cotton, mixed with gms. blood fibrin and allowed digest 
39° The other details were the same the first series 
(See Appendix. 

The records from eight experiments intravenous injection 


extracts congested spleens are presented. 


EXPERIMENTS SPLENIC EXTRACTS ON SPLENECKOMIZED Docs 


will observed that our results agree general with the expe 
rience Gachet. cannot said that the pancreas splenec- 
tomized animals was always condition complete atrypsia. But 
view the readiness with which trypsinogen converted 
active enzyme can scarcely expected that proteolysis should 
occur (1) even trypsin existed such the living tissue. 
The acid reaction and other conditions favored the formation 
the enzyme from its have satisfac- 
tory medium which will entirely check the gradual transformation 
the zymogen. alone gives promise usefulness, but its 
application introduces other difficulties. interesting observe 
that the differences noted between the various trials were usually 
more marked early the digestive period. Thus frequently the 
digestion was already under way (2) before signs solvent action 
were apparent Uniform results are scarcely expected 
where many variabies exist. The results are concordant, however, 
showing tendency toward increased content preformed tryp 
sin the pancreas after introduction splenic extracts into the 
circulation. 

these effects specific for the extracts the spleen, they 
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Pancreatic 


merely represent the reaction 
pendently the character the 
answer this have gone step 
Gautier! has suggested that other organs doubt 
trypsinogenic power and has 


intestinal juice has the property activating 


experiments, which may considered con 


observations with splenic extracts included trials 
dogs follows: 

Experiments XIV, 

ment inject 


injection 


These experiments striking contrast 

are not apparent any case with the possible exception 

creas experiment. has been suggested that the results noted with 
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the splenic extracts are merely the expression changes having 
vaso-motor origin. this explanation were correct might not 
expect similar vaso-motor reactions the pancreas after injection 
boiled splenic extracts other tissues 

has noted that the venous blood from congested spleen 
alone capable increasing the proteolytic power the 
extract vitro. Arterial blood from the systemic vessels does not 
act this way. seemed interest, therefore, try the effects 
intravenous injection splenic blood. The latter 
directly from the vein congested spleen (in quantities 
defibrinated, strained through cotton and injected into 
tomized dogs. from two experiments are given. 


blood from the splenic 


EXPERIMENT NIX. 


The nature the evidence which Gachet and Pachon have brought 
forward favor the enzyme-like character the trypsinogenic 
agent the spleen has already been referred injection 
experiments have carried out are accord with their observa- 
tions Experiment the heated extract was used. 


EXPERIMENT 


investigate the behavior the agent” towards 


alcohol, active splenic infusions were precipitated with four five 
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volumes alcohol. The precipitate 

then extracted for two hours 

one hundred were used for 

XXII and this material was studied. 

sinogenic activity the original extract used was first 


} 


Experiment seems quite probable that the 


precipitated alcohol. Comparable trials with 


filtrates were not made. 


GENERAL CONSIDE! 


The experimental data recorded this paper 
ment those previous investigators mentioned, indicating tha 

the spleen, prepared from the organ when congested 
during digestion, increase the proteolytic power 
This was demonstrated vitro and 

wise effective. 

boiled extract the spleen ineffective. 

Extracts other tissues (liver, pancreas) apparently 
action. same true pure saline infusions 

The precipitate produced addition alcohol active 
extracts contains trypsinogenic substance 

The extracts the pancreas splenectomized dogs are 


always free from trypsin. Whether this entirely attril 


extra-pancreatic transformation trypsinogen determined. 
Some have claimed that the juice 


splenectomized animals has normal proteolytic power, contains 


preformed trypsin. has been attributed others? the 


spontaneous changes the secretion may contain the 


zymogen unquestioned, 


Thus far have been dealing with observations The 


hypothesis goes spleen, internal 


secretion, yields substance unknown character whicl 


property trypsinogen trypsin.’ 
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once led inquire: What justification exists for the assumption 


Does this trypsinogenic the spleen 
have any physiological significance whatever? The criteria which 
are ordinarily applied demonstrate the existence so-called 
secretion” include the proof (a) that the organ 
contributes something specific the blood which the latter does not 
bring it, and (b) that functional suppression extirpation the 
organ followed the failure omission those reactions for 
case the adrenal glands, for example, both these conditions are 
fulfilled. 

the spleen, likewise, the experimental evidence indi- 
cate that may contribute the peculiar trypsinogenic agent directly 
the blood passing through it. Experiments and 
the spleen, the other hand, not 
followed any noticeable interference with digestive other func- 
tions. Nocl Paton! and his co-workers bave shown that there may 
essential differences the nitrogenous metabolism dogs 
before and after splenectomy, and that the functions are 
not seriously disturbed splenectomized 
has recently demonstrated that removal the spleen from dogs with 
isolated stomach does not apparently interfere with their nutrition 
even during meat excellent nutritive condition the 
splenectomized animals which gastric digestion 
makes improbable that pancreatic digestion failed; for there was 
evidence any deficiency the digestive processes the intestine 
These facts not, however, contradict the possibility the forma- 
tion trypsinogenic agent the spleen. They merely indicate 
that the intestinal processes may proceed independently 
assumed role the spleen elaborating the the 
experiments and Delezenne® have indicated 
that the intestinal juice may also exercise influence 
pancreatic extracts. too the effective agent has the charac 
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teristics enzyme and 
According to Delezenne it 

Thus becomes clear, 
that the transformation 
about least two ways, 
facilitated the spleen 
extra-pancreatic 
According the pancreati 
ing dogs reflexly after introduction aci 
contain whereas 
secretion provoked pilocarpine, 
tradict the hypothesis 
agent elaborated 
pancreas were times found 
zymogen into trypsin, the interventi 
has been assumed elaborate 
intra-pancreatic influence those peri 
secretion required. 

review 
reveal evidence which absolutely con 
pothesis that the spleen may 
within the living pancreas 
importance, any, attached 
tion can longer accepted the only facto 
the pancreatic condition 
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a Large dog, splenectomized ohe Week belore, Fed on lean beef for t 


days, then starved three days before the 
pancreas gms. each) were extracted for two 


(1 Itrate 25-«.c. saturated boric acid solut 


twenty-four hours the residues were weighed 


1690 ems, or 68.3 
1299 or 525 


] 


hours most the fibrin was digested (2), very little dissolved 


Residues filtered off after fourteen hours : 


(O) « 1.850 gms., 
0.619 gm., or 33.4 


Normal three davs. Pancreas extracted for two 
with boric acid solution. Contracted spleen the 


extracted for three hours with borie acid solution. 


(2) spieen extract 
panereas extract and gms. fibrin each. filt 


the end hours. 


2410 ems., 
(1) 0.590 em., or 24.5 


splenectomized one week milk, then starved 


panereas gms.) was extracted for two hours with boric 


solution. extract was prepared extracting the contract 


spleen another starving cat with boric for 
hours Rach digestion trial contained 25 ¢.c. pancreas extract. 5 2m 


and 
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after hours 
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Dou, splenectomized twenty-five davs” before. Diet, etc., as X 


fibrin used each digestion. Within four hours (2) 


about half dissolved. Residues filtered after five hours: 
(2) O.510 em., or 28.0 
Small young dog, eighteen days ete., 


trial. In three hours digestion was evident m (2) Residues filtered 
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a Large bitch, sple nectomized three weeks before. Starved two day 


the experiment. Experimental conditions XIX, 


splenic vein blood being filtered off after 
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XXI. Compare Experiment 


dog, splenectomized two weeks before. Starved twenty 
and fed lean meat six hours before the Injection 


Digestions, ete., Experiment Residues filtered off 


hours 


bitch, splenectomized fifteen days before. The inject 
tract was prepared except that the 


the action was were used. 


portions panereas were gms. added 


Residues filtered off after ten hours: 


(0) 20410 ems., 
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EFFECT 


[From the Hull 


has shown his work the embryos 


the toxic effect pure solution NaCl, LiCl, can 


annihilated traces certain salts with bivalent trivalent 
kation; also that large amounts the salts with monovalent kation 


will have the same effect 

small amounts these salts with bivalent trivalent kation 
added LiCl, etc., solution, the number embryos 
developing greatty these experiments the aim has 
been to apply the facts already worked out by Professor loeb to the 


prolongation the life muscular tissue. 


The gastrocnemius muscle winter frogs was muscles 
were always used pairs, one muscle being placed Stender dish 


containing 100 c.c. of the solution whose toxic effect was to be deter 


mined. other muscle was placed 100 the same solution, 
which was added traces the salts whose were tested 


for their antitoxic effect. 
The dishes containing the muscles and the solutions were placed 

sink and running water was allowed flow around them, 


keep the temperature low and constant 


determine the time death electrical stimuli were 
testing the muscle was first dried filter paper and then 
the electrodes induction coil were tly the muscle 
preliminary experiment was made each case tind 
when the muscles would commence die given solution 
was taken basis commence the testing the muscle the 


final experiment, so as to avoid unnecessary fatigue Phe mu les 


4¥ 


was added 


life 


Antitoxic effects 


were all treated exactly alike handling, testin 
leneth life the muscle the solution containing the antitoxi 
ion was calculated per cent the total life the other muscle 


the solution whose toxic effect was tested. 


monovalent kations. 


antitoxic effects. 


100 


100 
100 


100 
100 
100 


100 cc 


The antitoxic 
that 
little 


the 
the well-known poisonous the K-ion muscular 


i 


i 
100 c.c 


‘ 


‘ 


i 


‘ 


muscle was not prolonged. 


had antitoxic effect. 


the pure LiCl solution. 


NaCl 
NaCl 
NaC 
NaC 
Nal 


Nat 


NaCl 


effect 


salts such small amounts had antitoxic effect, the life the 
Even the addition LiCl, which 
least poisonous, there effect. 


muscle 


The more poisonous than LiCl, but less than vet 
Larger amounts and stronger concentrations 
were next tried and positive results were obtained. 

longer than the pure NaCl solution. 
the muscle lived longer than pure NaCl solution, but 


LiCl the muscle lived per 


sooner than the solution NaCl plus only c.c. 
100 LiCl 
and about per cent longer 100 c.c. LiCl 
This keeping with the fact found 


NaCl the muscle lived 
Loeb that requires stronger solutions the salts with monovalent 
kation than the salts with bivalent trivalent kation produc 
Antitoxic effect bivalent kations. pure solution 


NaCl trace added, the life the muscle prolonged, 


shown the following table: 


tig 


cc. 


CaCl, when added NaCl solution, but Bat 


The increas 


KATIONS. 


Nat 


the solution containing 


lessened, due doubt 


Was even 


100 c.c. 


per cent longer, 


q 


and MgCl, was approximately 


| 


406 
q 
q 
in length of lite 
‘ 
‘ 1 »? 4 
CA cc. CaCl, 23 
q 


SrCl,, and MgCl, added KCI the toxic solution 
instead of Nat ae the life of the muscle is prolon rod from 20 to 50 pet 


~ 


BaCl, added solution gives much more decided 


result, the increase life the muscle being from 150 250 


cent, the following table shows: 


100 


100 


CaCl,, BaCl,, and added the life 


With while prolongs the lite the muscle, 


the per cent increase not high the case with 
and 

per the other hand, has very little antitoxic effect 


the poisonous effect of Lic] 
The salts NaCl, LiCl, and according their toni 


effect muscle, fall into two classes: (1) NaCl and are the least 
poisonous; (2) and KC! are much more so, being espe- 
cially poisonous muscle tissue. The effect BaCl, seems 


some relation this division. added pure solutions NaC] 


LiCl has antitoxic effect, while the other hand, added 
prolongs the life the and much higher degree 
when added the most poisonous these salts seems 


due some specific ion effect and not antitoxic effect 
due valency and electric charge the ion 

CaCl, added pure NaCl solution prolonged the life the 
muscle from per cent. alsc did the same when 

LiCl, gave antitoxic but the the 
duration life was not great. This may due the fact that 


these salts are very poisonous, and hence can only used weak 
concentrations. two c.c. added the pure solutions 
ive the best effect 


> 


the above salts 

III. Antitoxic effect trivalent kations 100 NaCl 
per cent longer. prolongs the life from per 
cent, although the results vary considerably the 


ments. With the results were all positive, prolonged 


‘4 
3 4 / 
) ) 
q 


the life the muscle. the other hand, while gave 


positive gave results which were negative. 


chemical action the ferri ion seems stronger than the 


effect due its valency. The antitoxic effect 
and FeCl,, when added LiCl, approximately the same 
effect NaCl solution. When added KCI solution, 
very little antitoxic effect shown the trivalent Cr, ion, 
possibly due the NII, and ion being more poisonous than 


and ion. 


ANIONS. 


Na,SO, was first tried. gave definite results NaCl and 


+] 


LiCl, but KCI the results were generally positive, although 


percentage increase length life the muscle was not high 


the other experiments, where kations were used, being only 


from per cent. There were some positive 
but they still more varied, and the percentage was less than 
with 

Na, citrate was next had positive effect and 


LiCl, but its effect and positive, 
although the percentage increase was not high. 
ments again show that NaCl and LiCl fall one class, and 
and second class, probably some way connected with 


more poisonous effects the and ion. 


CONCLUSIONS. 


Small amounts salts with mono-, bi-, trivalent kations diminish 
the poisonous effects pure NaCl, LiCl, solutions 
salts with monovalent kation cc. for salts with 


ent kation c.c. for salts with trivalent kation, cc. 
added 100 c.c. NaCl, LiCl, gave the best 


results, 

Sodium salts with anions higher valency when added solutions 
NaCl LiCl have effect, but have slight 

thanks are due Professor Loeb for suggesting this work and 


his help carrying out these experiments. 
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NOTE UPON THE EFFECT CALCIUM AND 
FREE OXYGEN UPON RHYTHMIC CONTRACTION. 


fact that the tissues substances occur the solubility 


which affected the presence the absence oxygen 


has been ‘proved found that Ctenolabrus eggs the 
cell wall dissolved the absence oxygen and reappeared when the 
oxygen was certain infusoria the cell 
membrane follows deprivation muscle deprived 
oxygen absorbs more water than normal muscle equal weight 

Similar observations increased solubility the absence free 
oxygen have been made Kuhne and others. 


The existence compounds the metallic ions with the proteids 


has been argued and considerable amount experimental 
evidence has been presented Lillie his investigations the 
effects various salt solutions ciliary and muscular action 

has called attention the similarity the absorption liquids 
sodium soaps are also quite soluble, but much less than potassium 
soaps. Calcium soaps are quite the sodium sodium 
sodium, water perfect analogy exists between the 


absorption water muscle isotonic solutions NaCl, and 
CaCl, and the absorption Na, and soaps. found 


that muscle remaining eighteen hours solution increased 
was increase per cent; CaCl, there was decrease 


per cent the same time.’ 
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was the good fortune one witness certain experiments 
about published Dr. Lingle, which, after the exhaustion 
securing recovery the rhythmic action the simple addition 
supply free oxygen the pure NaCl solution, and the recovery was 
complete, vigorous and long lasting the recovery 
Ringer’s fluid ina NaCl and CaCl, mixture. seemed possible 
that the similarity between the effect free oxygen and trace 
calcium the solution might each case due part toa decrease 
solubility some substance the tissue; and occurred 
compare the effect calcium and free oxygen another way 
namely, see the toxic effect solution could 
creased decreased the presence absence free 
experiments herein described show that this indeed the case. 

For our purpose was necessary employ tissue which would 
remain active for some time ina pure CaCl, solution. some 
preliminary work found that the ciliated cells the 
agus would continue move such solution for little less 
than one day. then undertook discover what cffect the 
presence absence oxygen would have the duration 
movement. 

The method the experiments was follows 

The solutions were made from the chemically pure CaCl, with water 
redistilled glass. The solutions marked were saturated 
before each experiment allowing stream washed oxygen gas 
bubble through the liquid for some minutes. The solutions marked 
Boiled” were boiled for period not less than fifteen minutes 
expel the dissoived oxygen; the loss from evaporation was made 
good the addition the proper amount 
distilled water, and the vessels were then kept closely stoppered. 
This method, course, did not secure solution perfectly free from 
dissolved oxygen, but the oxygen content the two solutions was 
markedly different. 

The experiments were always made pairs the following 
frog was pithed and the was dissected out 
into right and left half was put into solu- 
tion and the other into boiled” solution. Small Stender dishes 
holding about twenty-five cubic centimetres were used. dishes 
had very closely fitting ground covers. examinations 


were made from time time teasing off upon 
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portions the ciliated epithelium. 
ciliary motion second mount was made, and on, until was 
certain that motion was present 


sample set experiments 


the whole series experiments the average duration ciliary 
activity the solution was thirty-one hours, 


solution, twenty hours. 


The facts above presented have important bearing upon all 
periments the action solutions the living 


that trustworthy comparison made between the action 
ent salt solutions upon similar tissues, one solution 
ent tissues, more especial attention must given the degree 
oxygen saturation the liquids not improbable that 
have here explanation the apparently discordant results 
competent observers. some the solutions are made 
freshly prepared thoroughly boiled distilled water, and others from 
water which has been standing for some time contact with air 
partially filled vessel, the process solution has been hastened 


violent shaking, difference the oxygen content the liquid 


could exist sufficient cause wide variations the results, 
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INTRODUCTION. 


earlier researches Pfliiger and Hoppe-Seyler have proved 

that the greater part the oxidations living animals take 
place not the body-fluids but within the living 
and Naunyn! proved 1867 that certain aromatic hydro-carbons 
(benzol, toluol) may undergo oxidation the animal body; Bunge 
and Schmiedeberg followed 1876 with the demonstration the 
synthesis hippuric acid the kidney. proved 
that salicylic aldehyde may oxidized salicylic acid 
and benzyl alcohol benzoic acid the action certain tissues 
(especially the kidney and continuing 
Schmiedeberg’s researches, made the important discovery that the 
oxidative action the tissues these transformations dependent 
neither upon the continuance vital processes, nor upon the pres 
ervation anatomical structure, but that conditional (at least 
part) upon the presence soluble ferment-like body (or oxidase 
which can extracted salt solutions from both fresh and alcoholic 
tissues. More recent researches, especially those Abelous 
and and have confirmed Jaquet’s obser- 
vations and have established the further important fact that the 


SCHULTZEN and Bois Reymond’s Archiv, 1867, 
SCHMIEDEBERG Archiv fur experimentelle Pathologie und Pharmakologie, 
14, 288. 


Archiv fur experimentelle Pathologie und 31, 


p- 281. 
ABELOUS et DIARNES: Archives de physiologie normale ct pathologiqu eer 
SALKOWSKI (mit JAMAGIWA): Archiv, 147, 1897, 
Archiv tur die gesammt Physiologie, 60, 1595, 
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various tissues exhibit definite and constant ditterences 
selves degree oxidative power, this power being 

such organs the spleen, liver, kidney, 

unusual synthetic and metabolic 
nervous and muscular Fin 
certain nucleo-proteids 

corpuscles possess the same oxidative properties 

tissues accordingly referred oxidation 

the afterward Loeb? called 

which seemed afford clear indication that the well-known 
regenerative capacity enucleated cells due loss 
oxidative properties the from 

ference that the nucleus the chief se: 

cell, and consequently also the synthes 


The experimerits about described have been made with the 


aim testing the above hypothesis and supplying, possible, 
definite proof that the nucleus does actually play this role the cell. 
demonstrate the oxidative action the tissues have employed 
variety reactions which colored oxidation-products 
formed within the tissues. Chief use has been made 

the animal body, and more fully studied Rohmann and 

1895, viz.: the formation indophenol, deeply col 

small quantities a-naphthol and para-dian 


proportions. This solution, first colorless, becomes deeply tinted 


‘The reaction constitutes true synthetic oxidation 
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condensation occurring with abstraction 
water result the entrance the oxygen atom. may 


represented two stages, thus: 


Several other related color-reactions were also employed and are 
here briefly enumerated 


t] 


intense greenish blue dye. 


Formation quinone anilinimide, violet dye, oxidation phenol 


with p.-diamido-benzene. 


Formation the dimethyl derivative the same compound, deep blu 


we 


dye, oxidation phenol with p.-diamido-benzene. 
Formation phenylene blue oxidation aniline with p.-diamido-benzene 


wn 


dimethyl-aniline 
Formation Bindschedler’s green” oxidation dimethyl aniline 


with dimethyl p.-diamido-benzene. 


use with fresh tissues the above-named compounds were dis- 
solved physiological salt solution; the case alcoholic tissues 
the solvent was distilled water. The two constituents each reagent 
were dissolved separately and the solutions before 

Not all the above oxidations are effected with equal readiness 
the presence the methyl groups appears facilitate the reaction, 
and naphthol enters into such combinations more readily than 
The most sensitive reactions and those which have placed most 
reliance are thus the original indophenol reaction (a-naphthol and 
and members and the above group; the 
indamine reactions (members 4-6) have proved 
although useful for purposes control. The conditions formation 
all the above color-products are essentially alike; the following 
general statement while referring primarily the first-named applics 


therefore with slight modifications all. 
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The formation the indophenol 


posure the 


} 
the 


the addition finely divided anin 


dative activity (as 

lung) quickly becomes dyed 

imparts its tint the rest the The formation 
dye prevented slight acidulation the presence strong 


reducing substances; the reaction furthermore 


although not entirely prevented the addition 
especially hydrocyanic acid and its salts. 


l 


has been that the capaci 


colored synthetic products bears direct relation their 
freeing oxygen from hydrogen peroxide, bluing tincture Guaiac, 
and oxidizing salicylic aldehyde hol 
spective acids. thus seems probable 

are effected through the same agency, namely, the 


oxygen are obtained the use alkaline solutions 
hydroquinone. brown oxidation 


appear most rapidly those tissues which possess the mos 
oxidative activities. Similar indications may also obtain 
use solutions Guaiac-tincture hydrog 
Such solutions immediately turn blue 


The experiments about described 
various organs and tissues the frog, 

kidney, testis, ovary, the various reg 

muscle, the various regions the 


¢] 


lymphatic structures, especially the thymus the 


The chief method has been subject thin 


holic and fresh tissues (made freehand and with the freezing 
respectively) the action the above solutions; con 
were dyed the same time with methyl-green 

dication the quantity and distribution the 

respective tissues employed. The sections were 


for variable periods (fifteen minutes several until 
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impregnated with the colored oxidation products; they were then 
removed and examined; the distribution the color could then 
studied under any desired 

general has been observed that the above take 
place most rapidly those organs, and those regions organs, 
which contain the most numerous and most densely aggregated nuclei. 
structures like the testis, intestine, kidney, which the nuclei 
show very definite arrangement, the regions most deeply impreg 
nated with the dye are always found correspond closely with the 
regions which the nuclei are situated, that methyl-green 
sections and indophenol sections show general marked similarity 
with respect the intensity and distribution their respective 
stains. Indophenol, however, not differential nuclear stain, and 
its distribution the sections comparatively not sharply 
defined like that the methyl-green. sections fresh tissues 
the localization the dye somewhat less precise than 
sections, circumstance due probably the readier diffusion the 
oxidase into the solution from the uncoagulated 
tissues differ also from alcoholic tissues possessing distinctly 
oxidative activity; other respects the properties the 
two differ but slightly under the above conditions experiment. 


OXIDATIVE PROPERTIES VARIOUS TISSUES. 


The following summary account the chief facts yet ascer- 
tained use the above methods. The different regions the 
alimentary canal, the spleen, kidney, liver, and blood-corpuscles 
considered order. 

The differences the oxidative activities the various 
tissues are illustrated striking manner placing cross-sections 
the stomach-wall the solution a-naphthol 
benzene. The mucous membrane soon assumes intense violet 
coloration; this most marked the gastric glands which are thus 
sharply differentiated from the neighboring cells 
the mucous epithelium also become deeply colored; the coloration 
particularly intense their inner ends, the nuclear region, 
while the outer ends remain clear and only slightly 
peculiarity the cells columnar epithelium may also observed 
other regions, and bile-duct. The muscular layers 
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take diffuse and 
the generally 
nective tissue portions the 


The above appearances are typical with the 


Immersion thin sections stomach pyrogall 
hydroquinone solutions similarly followed within 
the appearance the characteristic brown orange oxid 
products within the distribution essentially 
scribed above, coloration appearing first the mucosa, especi 


t 


the gastric glands and the innef ends the columnar epithelial cells 


ty it 


Cross sections other regions the intestine 
intestine, rectum) show similar distribution the 
oration. all these regions the colors soonest 
deeply; while muscular layers and submucosa assume 
slight stain. the tongue the deep coloration the 
noteworthy; the tall columnar cells the ventral 
organ likewise color deeply, especially ‘ir 
nuclei are situated. Similar conditions obtain 
oxidation being most active the glands and the 
also the position the nuclei the 
dicated the deeper coloration the inner ends 
same very generally true the mucosa the small intesti 
rectum, but neither here nor the this appea 
well-defined the elongated columnar cells the 
thelium. similar appearance, however, 
sections the bile-ducts; the columnar 


their inner extremities and remain clear and alm 


towards the lumen the the cells the inte 


the individual nuclei are usually 


gland-cells the indophenol treq 
the form granules surrounding clear 
evidently corresponds the 
tribution the oxidation-products however more 
certain other tissues (sce 

cells exhibit unusually powerful oxidati 
stain always renders these cells highly conspicuous 
sections, Apparently glandular activity and power 
oxygen are closely related physiological characteristics 


also the case the kidney and 
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affording further indication the close relation apparently existing 
between oxidations and syntheses the animal body. 

Indophenol sections the small intestine and rectum invariably 
show numerous small intensely stained patches consisting 
gations indophenol granules situated chiefly the submucosa 
immediately within the mucosa, and frequently between the epithelial 
cells. These evidently correspond leucocytes which, will 
seen below, possess marked oxidative activity. 

The spleen exhibits remarkably intense oxidative activity, sec- 
tions this organ invariably becoming deeply colored after few 
minutes’ immersion any the above solutions. Microscopic ex- 
amination shows that the entire pulp becomes deeply impregnated 
with the indophenol the distribution the dye however not uni- 
form; intervals isolated areas are seen which are prominent from 
the unusual intensity the stain. These evidently correspond the 
ageregations so-called Malpighian corpuscles. 

Sections lymphoid structures (such the adult thymus and the 
ventral branchial vestiges) show almost equally intense activity 
structure these organs (especially the latter) present considerable 
resemblance the spleen; the nuclei are numerous, deeply staining, 
and densely aggregated. 

Sections the kidney are also extremely active, although some- 
what less than those the mixture a-naphthol and 
p.-diamido-benzene the tubules quickly assume deep violet tinge 
the Malpighian capsules, the contrary, stain relatively slightly 
fact some significance affording additional indication the re- 
spective physiological these two components the tubule. 
Under high magnification seen that the nucleus the tubule-cells 
remains comparatively clear and uncolored, and that the coloration 
the nucleus than clear indication that 


oxidations are especially active the nuclear surface. solutions 
and the above series the stain also seen very clearly 
deposited within the cytoplasm largely the form granules 
which are especially numerous the surface the nucleus; this 
structure itself remains clear and almost unstained. 

Sections the liver also give rise very significant appearances. 
This organ likewise very active accelerating the above oxidations, 
although somewhat less than the spleen. following record 


taken directly from notebook with merely verbal modifications. 
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issumes this tint, especially near the With Solution 


, soonest in the nic \ 


The above experiments seem leave doubt that the liver 


cells least the above oxidations are effected chiefly the 


termediation the nucleus. even more striking demonstration 
the same fact furnished the use leucocytes, which are readily 
obtainable large numbers fine subdivision the spleen, thymus 
ventral Many these cells consist 
essentially free nuclei with merely thin surface film cytoplasm 
their oxidative activity remarkably energetic. When physiological 
salt solution containing such cells added the alkaline solution 


a-naphthol the fluid few minutes 


assumes intense violet coloration. then the cells are examined 
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the dye found largely distributed granules the surface 
the nuclei. The most striking and unequivocal demonstrations 
are made the use Solution above (a-naphthol and 
p.-diamido-benzene). When this solution introduced beneath the 
cover-glass fresh preparation teased thymus spleen, 
granules the intense greenish blue oxidation-product shortly make 
their appearance within the Their first appearance 
the boundary between nucleus and cytoplasm; eventu 

ally the latter may become densely laden 
single preparation presents all 
between leucocytes whose 
nuclei only few granules have been 


posited, and cells densely laden 


present the appearance mere aggregations 


distribution properties than leucocytes; granules 

the stain appear more gradually 

abundantly the cytoplasm; here also they are deposited especially 

the immediate vicinity the This appearance strik 

the preparation, after the lapse thirty minutes, 


ingly uniform 


typically exhibits the appearance presented the figure; each 
erythrocyte the contour the nucleus distinctly marked the 
deposition minute intensely colored granules the oxidation- 


product. 
CONCLUSIONS. 


The above facts furnish, believed, conclusive evidence that 
many tissues the nucleus the chief agency the intracellular 
activation oxygen; and, further, that the active atomic oxygen 
general most abundantly freed the surface contact between 
nucleus and this relation the nucleus oxidation 
constant characteristic the cellular organization scems 
probable the inference clear that the oxidative activities 
organs must largely function their extent nuclear 
the same conclusion applies also synthetic processes far 
these are dependent upon oxidations. The foregoing facts are plainly 
harmony with this conclusion; similar significance all proba- 


: 


, 
Nucleus. {21 


the Oxidative Properties the 


bility attaches the large surface-extent presented the branched 
nuclei many invertebrate 
The disposition arrangement the nuclei, quite apart from 


number and united surface-areas, may also great importance 


relation the physiological activity the organ Thus appears 
probable that the intense oxidative the intestinal mucosa 
both stomach and intestine, evidently property great phys 


logical importance, conditional large part upon the prevailing 


columnar arrangement the epithelial The nuclei these 
cells are situated near their inner ends: hence the nuclei adjacent 
cells are almost contact with one clear 


that all substances absorbed the intestine must necessity 
erse surface which they are exposed the oxidative action 
laver closely packed thus inevitable that 
and their correlated syntheses should take place the during 
absorption whenever the intestinal contents include substances capa 
ble undergoing such changes columnar very 
absorptive and secretory structures and possible that 
its physiological properties are closely dependent upon the peculiar 
distribution nuclear matter resulting from such arrangement 


the cells 
SUMMAR\ 


general similarity exists between the distribution 
matter the various tissues the frog and the distribution colored 
synthetic products formed within the same tissues their 
action. 

instances (especially liver- and kidney-cells and 
blood corpuscles) the colored oxidation products are seen de- 
posited chiefly and about the nucleus, especially the surface 


contact between nucleus and 
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rational explanation assu 
nucleic acids each of which yields only 
accepted follows directly that these four 
coincidence, must differ the 
are formed decomposed under 

tissue and the xanthine base which 


will found relatively large amount 


among the hydrolytic products 
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uanyilc acid,” 


discovery of 4 
which, its name indicate ields only 
One might first thought inclined the opini 
was fortunate examining which three nuclei 
incapable existence, but closer inspection 

aration which employed will suggest 
the only one the four 
the process, and 
laboratory product. 
this view the 
survive when 
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suggested publication Okerblom! which appeared under the 
title The Xanthine Bodies the Suprarenal 
treated the finely divided glands with water for two days the body 
temperature and after heating coagulate the proteids, the aqueous 
extract was faintly acidified with acetic acid and evaporated 
small volume under diminished pressure. There was 
formed crystalline sediment which was found consist mainly 
xanthine, while 1-methylxanthine and hypoxanthine were found 
smaller quantities, and epiguanine and adenine could shown 
qualitative tests, there being amount material for 
analysis. The complete absence guanine distinctly noted, 
fact which readily explained what has already been stated, 
that while other nucleic acids were decomposed even such careful 
treatment, guanylic acid remained intact and might found among 
the by-products. 

the other hand has taken the ground that the 
case salmon nucleic acid residues both guanine and adenine are 
contained the one molecule. view these circumstances 
seemed that investigation the phosphoproteid the 
suprarenal gland and the products its hydrolysis under various 
conditions could scarcely fail yield interesting results. 


PREPARATION OF THE NUCLEOPROTEID OF THE SUPRARENAL GLAND 


Sheep suprarenal glands were collected (about 200 time), 
trimmed fat, ground machine, and preserved per cent 
alcohol. When sufficient amount material had been thus 
tained the alcoholic was pressed through linen and the residue 
treated turn with per cent alcohol, absolute alcohol, and ether, 
and after drying the air, was ground fine About one 
fourth the total nucleoproteid the gland remains the first 
alcoholic fluid and can recovered suitable process; but 
the product obtained from this source always rich inorganic salts 
had best neglected. 

The dried gland was made into paste with per cent ammonia 
and allowed stand for hour, when the fluid was pressed through 


linen and the residue extracted the same manner with water. The 


! OKERBLOM: Zeitschrift fur physiologis« he Chemie. xxviii, p. 60. 
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The Nuc leoprot of 


united extracts formed emulsion 


sediment when submitted centrifugation. The vessel 
ing the fluid was placed cold water, and acid was added 


few drops time and with continual stirring until the showed 


material was precipitated, which settled rapidly, leaving perfectly 
transparent bright reddish brown whose color becomes much 
darker exposure the phenomenon which attributable 


the oxidation the physiologically active constituent the gland 
The liquid was filtered off and poured into four times its volume 
per cent alcohol, when the nucleoproteid 
fectly white and leaving all traces coloring matter 


the solution. t ‘peated! 


and finally with ether. 


The substance thus obtained perfectly white amorphous 
which soluble water with the 


off ammo 
nia when treated with caustic potash the cold, 


but was shown both 


check test and special reactions free from ammonium 


i 


aceiate. The proteid yields about per cent ash, which was found 


consist mostly silica and which contained only nor 


ganic phosphates. 


This substance, which evidently ammonium salt, was 


solved water, and the solution was treated with 
acetic acid long the reagent caused increase 
the bulk the precipitate formed. equal quantity 
acetic acid was then added. The precipitate was filtered off, washed 
with water which had been acidified with acetic acid 
into tall cylinder where was successively washed decanta 


tion with large volumes per cent alcohol, absolute 


The nucleoproteid thus prepared only slightly soluble water, 


but dissolves instantly the addition trace 


ammonia, and precipitated from faintly alkaline solution 


fication with acetic acid. ‘This precipitate requires large excess 
acetic acid effect its solution. the proteid 


cent ammonia yields precipitate upon acidification with acetic acid 


Such solution was poured into four volumes 
flocculent precipitate was produced which, drying with alcoho 


and ether, was found easily soluble water. 


filter and giving 
itl wa) > rant aleal with } ] } } 
with large volumes per cent then with absolute 


Walter Jones and Whipple. 


t 


proteid responds well the xanthoproteic tests, 
but gives reaction very poorly. 

yield nucleoproteid quite one experiment 
were able prepare gms. the substance from 100 gms. 
the dried gland, but order obtain this maximum yield the glands 
must not allowed stand for any great length time, especially 
place. The easy decomposition the nucleoproteid while 
the gland strikingly shown the fact that the residue from 
many pounds suprarenals which had been exhausted with 
acidified with acetic acid, contained small quantity nucleo 
proteid useless for our Nevertheless the pure nucleo- 
proteid may allowed stand dissolved ammonium acetate and 
acetic acid without any appreciable decomposition. 

yield from the suprarenal gland the beef markedly less 
than from that the sheep, being rarely above per cent the 
dried gland. The products from these two sources, however, have 
the same chemical composition, and far have been able 
observe yield the same hydrolytic products. 

THE CHEMICAL CHARACTER THE 

are given the results obtained the analysis three 
specimens nucleoproteid, obtained the method described above, 
from the suprarenal gland the sheep, the suprarenal gland the 
ox, and the pancreas the pig For the purpose 
comparison also quote analysis the pancreas 
nucleoproteid which obtained somewhat different method 
and from which prepared guanylic acid. are well aware 
that analytical concordances are often simply due similarity 
method, but propose show that the agreement this instance 


extends the hydrolytic products. 


Nucleoproteid from suprarenal gland the sheep. 


2649 gave ash 2.08 per cent. 
0.2140 gm. gave 0.3550 gm. and gm. 

3368 gm. gave 0.0567 gm. 

2167 gm. required 11.21 c.c. c.c. gm. 
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Nucleoproteid from suprarenal gland beef 
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have hitherto 
nucleic acids. word often used 
Lilienfeld! prepared 
thymus, two phosphoproteids, one which 
and the other, nucleohist 
proteids have occupied 
ferences 
matter fall into 
claims that nucl 
extract the 
nucleic acid 
and claims that analog 
that sodium chl 
proteids fractional precipitation with ammoni 
finds that both are nucleohistones, 


Nucleoproteid from pancreas pig 
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While these and other points are still subjects contention, most 
all writers the subject agree that the two proteids 


chemical composition shown the following table. 


( N 
‘4 
Nucleoproteid 31.90 7.37 16.48 


If composition alone be considered, our nucleoproteid falls clearly 
within the group nucleohistones. 

the other hand whose analyses have quoted, 
states characteristic difference between the two proteids (and 
one which bases his method separation) that the nucleo 
histone precipitated from solution water the addition 
calcium chloride such amount that the solution contains 0.1 
per cent the salt. 

per cent solution suprarenal nucleoproteid 
with the use small amount that the fluid was 
scarcely alkaline litmus. this solution were treated 
with 0.3 per cent solution calcium chloride drop time 
until the reagent had been added, but time was 
precipitate seems show that the nucleoproteid 


not nucleohistone. 


our earlier work the hydrolysis the proteid was effected 
autoclave with per cent sulphuric acid, but subsequent 
periments showed that the decomposition can brought about boil- 
ing for twenty minutes with sulphuric acid. what are 
the limits regard time boiling required for 


the hydrolysis are unable tosay. one experiment quantity 


nucleoproteid from the beef gland was evaporated the water-bath 
with per cent acetic cooling, the 
deposited crusts guanine. The decomposition with nitric acid 
extremely easy. solution the proteid per cent nitric acid 
was treated with excess silver nitrate and heated the boiling 
point. silver compounds the xanthine bases were 


deposited crystalline form. 
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4 
q 
5 
q 


The the 


grams the nucleoproteid trom the sheep suprarena 
were mixed with 290 per cent sulphuric acid 
for hour under inverted dark-brown 
filtered from deposited pigment, and after litres 
treated with hot concentrated solution barium hvdroxide unt 
most the sulphuric acid was was then made 
almost exactly neutral with dilute barium hydroxide, treated with 
small quantity sodium acetate, filtered, and evaporated 
was continually deposited with coloring matter and was found 
form dark-brown crusts adhering the sides and bottom the 
vessel. The fluid, which can shown appreci 
able quantity guanine, was filtered and reserved tor the 
xanthine bases and thymine. 

Guanine. dark-brown crusts were dissolved very dilute 
sulphuric acid and the solution was decolorized with animal 


The fluid was then treated with per cent solution silver 


long the reagent produced 


precipitate and ammonia 


Was 


added strong alkaline reaction. ‘The silver precipitate was washed 


thoroughly with boiling water suspended very dilute 


and decomposed with sulphuretted hydrogen. After filtering off 


silver sulphide the fluid was treated marked alkalinity with ammoni 


and the bulky white precipitate guanine was filtered off, washed 


with water, and dried with alcohol and ether. 


The free base was dissolved hot very dilute hydrochloric 
cooling, beautiful needles the hydrochlorate were deposited 


This salt seems have been negle ted those who have worked 


most usetul 


with guanine, but found one 


derivatives the base. The compound may repeatedly 
lized from dilute hydrochloric acid without serious 


1] 


lization unless placed desiccator. com 


water crysta 


can also easily converted into the free base repeatedly 


ating with water, thus rendering possible the preparation the 


mse 


absolutely free from ammonium salts, end which have been able 


accomplish other way. 
The hydrochlorate was weighed, recrystallized once from 


hydrochloric acid, dried filter paper and analyz 


dil 
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GA 3392 N) 
ical The if 
Nant 
16.11 O.00 16.10 
N x7. 35 29.42 34.22 


Part the hydrochlorate was evaporated several times with water 


the water-bath, then with alcohol, and finally with trace ammonia. 
The residue was washed filter with warm waterand dried with 
alcohol and ether. The substance dried the following 


analytical 


N $6.35 16.02 


have taken the trouble establish the identity this substance 
beyond question, because far outweighs the sum all the other 
bases formed the hydrolysis the nucleoproteid, while Okerblom 
failed find trace guanine among the the 

From gms. the nucleoproteid the suprarenal gland 
sheep were obtained 510 mgms. guanine hydrochlorate. 
experiments with the nucleoproteids beef suprarenal gland (10 
gms.) and pig pancreas gave calculation basis gms. 


proteid 501 and 517 mgms. respectively. 

Xanthine bases other than guanine. The original mother liquor 
from which guanine had separated during evaporation, the fluid from 
which guanine was precipitated with ammonia, and the mother liquor 
from the first crystallization guanine hydrochlorate were united. 
The fluid was decolorized with animal charcoal, and after making 
alkaline with ammonia, was treated with slight excess solution 
silver nitrate The precipitated silver compounds wer 
filtered off, washed with boiling water and submitted examination 


for xanthine bases the method Kruger and 
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gm. required OF sulphuric acia 1339 
Pheoretical for Pheoretical for 
oul 
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The A Leopre feld Of 


filtrate was faintly 
examination for thymine. 
The gelatinous precipitate 
the water-bath with dilute solut 
time until the 
equal amount 
was boiled and filtered. fluid was evaporated dryness 
water-bath, water was ande ated, and the process 


then substituted for 


water for several hours and residue may 
xanthine, heteroxanthine, while 
aqueous fluid may found hypoxanthine. 
paraxanthine. 


ammonia slight excess. The 


formed redissolved except trace reddish brown flocculen 


which was easily shown ferric hydroxide 


The filtrate from the ferric hydroxide was allowed seve 


days warm place order allow the ammonia 
yl] 


escape, and then treated with slight exce irated aqueous 


solution picric acid. bulky brig microcrystalline pre 


cipitate adenine picrate was formed which was 
} + 


Dstance 


tered off, washed with water, and dried The 


was found melt sharply 


1 


and 


stance melting this point and obtai 
superfluous. 
The amount adenine picrate obtained 
nucleoproteid was 212 mgms. Similar experiments with the 
proteids from the gland the beef (10 
pancreas the pig (22 gms.) gave calculation 
gms. proteid 210 and 215 mgms. 
The yellow filtrate from 
ric acid and the acid removed 


treatment the aqueous fluid with ammonia 
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we 


extremely small precipitate precipitate, which 
all probability attributable the slight solubility 
was too small for exhaustive investigation. was suspended 
water, decomposed with sulphuretted hydrogen, and the aqueous 
evaporated dryness. Since the residue was scarcely weighable 
was treated with few drops dilute nitric acid (10 c.c. concen- 
trated nitric acid water), and allowed stand twenty- 
four hours. separation hypoxanthine nitrate occurred. 

Okerblom found hypoxanthine comparatively large quantity 
among the preformed bases the gland. were unable find 
the slightest trace the substance among the products 
either the nucleoproteid the suprarenal gland the beef that 
the pancreas the pig. 

The xanthine The residue weighed only mgms., 
and was somewhat contaminated with silver chloride. With small 
quantity was found difficult follow and 
directions. was treated with c.c. hot 3.3 per cent caustic soda 
and standing precipitate was formed. The fluid was 
xanthine nitrate occurred within hours. Okerblom found xanthine 
great preponderance among the preformed bases the 

The question naturally arises, What the material which forms 
our xanthine exclusion might conclude that 
xanthine, but this would simply throw the burden proof 
upon the analytical method which employed; that order 
able give any satisfactory answer the question, 
necessary work with much larger quantities the nucleoproteid 
than have hitherto been able obtain. 

will thus seen that guanine and adenine are the only xanthine 
bases which result appreciable quantity from the hydrolysis any 
the three nucleoproteids with which worked, and examina- 
tion the quantitative results which have been given will show that 
the two bases are produced these cases nearly the same relative 


amounts. Thus: 


guanine hydrochlorate and 212 mgms. 

gms. nucleoproteid beef suprarenal gland gave 167 mgms. 


q 
q 
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Thymine. solution was filtered from silver chloride, diluted 
with water and treated with silver nitrate 
the method already There was 


throughout agreed with those which have been ascribed thymine. 


3392 


From gms. nucleoproteid were obtained 131 thymine, 
while from gms. material whose xanthine bases were treated 
method, were obtained 138 mgms. thymine. The 
the beet 


substance results just well from the suprarenal 
from that the sheep, but experiments with the pancreas gave 
unsatisfactory the final liquid could seen crystals 
which had every appearance thymine, but which could 
separated from the viscous mother 

While one scarcely expects obtain quantitative yield thymine, 
the numbers given show very fair molecular concordance with those 


already given for guanine and adenine, thus: 


adenine picrate, and 135 mgms. thymine. the molecular 
ratio 


SUMMARY 


The nucleoproteid the suprarenal thymonucleoproteid, 
and probably not 


The nucleoproteids the suprarenal gland the beet and the 
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sheep are identical and scarcely differ chemical composition from 
the nucleoproteid the pancreas. 

closely the analytical processes our command can 
determine, the nucleoproteids the pancreas and the suprarenal gland 
yield guanine and adenine the same relative proportions. 

far these quantitative relations have value, they are 
support Schmiedeberg’s contention, that one molecule 
proteid (or nucleic acid) may yield two different xanthine bases. 

were unable find xanthine, hypoxanthine, epiguanine: 
and certain that these bases, formed all, can demon 
strated only the use extremely large quantities the nucleo- 
proteid. 

possible that trace xanthine escaped our attention, 
owing defect the method and Solomon, which was 
pointed out Kruger and after had completed 
our work. 


Okerblom professed find hypoxanthine, epiguanine, and 


excessive amount xanthine, while failed find any trace 


guanine, seem confronted most curious and interest- 
ing qualitative difference between the xanthine bases which are pre- 
formed the gland and those which result from the hydrolysis 


the nucleoproteid. 


and SCHITTENHELM: Zeitschrift fur 


q 
q 
q 
4 
q 
4 


— 


VEIN 


RTON- 


CONTENTS 


blood-flow through the external jugular vein was 
this investigation with the recording stromuhr 

and demonstrated him the members the 
logical congress, held Turin, September, 

The stromuhr previously constructed contained two 
metal revolving cylinders. new instrument consists only one 
cylinder Fig. which stationary and which piston 


moves the vertical direction. blood 
through the peripheral cannula and leaves through the central 
cannula its course passes through dise (/)) pierced 


with two openings. Through one these the blood 

cylinder below the piston, while through the other enters 
curved tube which conveys into the cylinder above the piston 
the beginning the experiment the blood admitted through 


and forces the piston the top the the piston rises 


the contents the cylinder (normal 
through into the outflow cannula the 


the perforated disc The blood now flows from the 

cannula, through into the top the 

driven downwards and the contents 


through and the outflow cannula 
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The piston rod (7) attached horizontal writing lever 
means long silk thread. When the piston driven downward 


the writing-point the lever moves upward, and when the piston 
moves upward, the writing-point moves Fig. 
lever has written two downward phases and and 


one upward phase The reversal the blood-stream 


turning the disc has occurred between and and again between 


Dand 
) 
E D 
eral Stationary cylinder. Revolving and Openings 


piston, connected with lever means silk thread 


The cylinder being calibrated, every rise fall the lever indi- 
cates that definite quantity blood has entered left the stromuhr. 


blood has entered the instrument. The time, absolutely essential 


calculating the results, was recorded Jaquet chronometer, beating 
fifths seconds. ‘The time record served also the abscissa for 
the curve the blood-flow. The venous pulse and the respiratory 
movements were also recorded when the occasion demanded. 


supply several organs), Charkow, 1go2. 
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AND THE VELOCITY THE 


making quantitative determinations the blood-flow, especially 
vein, course essential reduce the resistance the 
piston minimum. The external jugular being 
easily accessible position, the stromuhr could placed horizontally. 
Thus, the blood was forced make only short curve 
enter the cylinder instead being driven considerable height 
above the vein. The resistance was further decreased 
poising the writing-lever, indirectly therefore also the piston. 
weight, just failing move the piston its own gravity, was placed 
upon the lever when moving downward and removed when the 
ward phase commenced. 

four the experiments this group the stromuhr, containing 
warm per cent sodium cloride solution, was inserted opposite 
the fifth seventh rings the trachea. the fifth experiment its 
position was higher, the peripheral cannula being inserted close 
the point union the internal and external maxillary veins. 
prevent the possible entrance air all parts the were 
made secure with beeswax and the opening for the piston was sur- 
rounded capsule filled with soft vaseline. was also thought 
advisable ligate the large communicating vein upon the 
experiments were performed medium-sized dogs, the right 
jugular vein being used exclusively. They were with 
morphine and chloroform. 

calculating the volume all variations the blood-flow, dependent, 
shall see later, upon the respiratory changes the intratho- 
racic pressure and the contraction the right side the heart, have 
been neglected. Only the relation the height the entire phase 
its duration has been taken into account. Moreover, avoid 
errors due coagulation, only those phases were measured that 
were written during two minutes; the blood the cylinder was still 
fluid from four five minutes after the beginning the experiment. 

The internal diameter the vein, necessary calculating the 
velocity, was obtained the method employed Tschuewsky 
the investigation referred portion the 
vessel having been exposed, its outside diameter was determined 
means spring The entire vessel was subsequently com 
pressed between two narrow glass plates, the compression being just 


sufficient let blood pass. ‘The thickness the 
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was then subtracted from this measurement and the newly-derive 
value subtracted from the outside diameter. 

The results the experiments are given Table quanti 
ties obtained measuring the various phases are red 
form value each case, namely, the number centimetres 


per 


Pur \ ME ANI \ 


stimulating cither vagus with sufficiently strong current the 
blood-flow can made cease, can readily seen glance 
this experiment the left nerve was stimulated for about 
five seconds, the distance the coils being cm. (medium stimulus) 
The current was made and broken comparison with 


the abscissa will show that the blood-flow ceases short time after 
the passage the current and resumes its former value immediately 


after 


The reverse relationship may obtained using strong current 


longer duration this case the blood-flow will stop the 


instant the current made, but will not immediately become normal 


again. The curve after breaking the current will then show 
case arrangement, indicating thereby that the stimulated 
heart regains its normal frequency only 

staircase curve will also written when the current 


the vagus weak, not sufficiently strong stop the 


tirely, but only separate its beats 
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Such curve shown Fig. The current (distance coils 
cm., duration about three seconds) was made and broken 
Three heart-beats, weaker than normal and longer duration, 


occurred during this period. less than normal onward flow 


/ 


TIME 


FLOW OF BL00D 
ESV 


VENOUS PRESSURE 


Ficure 3 Stimulation of left vagus (from 4 to 4) with medium curre 


observed have taken place during the active period the heart, 
from while any flow was present during the pause, 


regained its normal value again. 
two the experiments both vagi were suddenly divided with 


scissors, while the curve the blood-tlow was being written. 


4 
q 
> 5 
| 
| 
| 
| 


individual phases immediately became much steeper, showing thereby 


that greater volume blood was passing through the vein 


comparison was then made between the normal volume blood and 


that propelled after the section this nerve. results this 


calculation are contained Table 
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BOTH CAROTID 


Both carotid arteries were previously placed 


the third tracheal ring and were suddenly compressed during the 


LABLE Il 
Weight of / Norm / tte 
kilos per Se ‘ 
q 
10 LS 4 
q 
q 
P 
| 
Figure 4 Stimulation of let wus (from to with wea t 
site 
] 
| 
| 


442 


periment being tightly drawn against the flat ends two probes 


The great decrease the blood-flow the external jugular vein, 


produced the compression, clearly betrayed Fig 


ligatures were tightened and released 


NEG. PR./N PLEURAL CAV/TY 


procedure was repeated several times three different ani 
mals. Table the normal volume blood compared with 


that passing through this vein during the compression. 


COMPRE 


Pure 


far, the following may 


Among the conclusions arrived 


emphasized 
The normal volume the blood-stream the external jugular 


vein dog, weighing kilos, about 2.4 per second and the 


velocity 147 mm. per second. 
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Weight dog Normal volum Per cent 
c.c. per se 
] 1.5 O.7 53 
: 2 10 17 O.6S 60 
3 10 O.S7 5? 
Average 1.66 0.75 37 
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Flow of the 


Section both vagi increases 

times. 


the external jugular 


RESPIRATORY VARIATIONS 
The curve the blood-flow, 


not straight line, but shows 
quantity blood propelled therefore not equally 
distinct types variations will considered 


those due the changes 
respiration, and secondly, those produced the activi 
the venous flow that are dependent upon accidental causes, such 
muscular contractions either near more less remote from the 
vein experimented on, will reserved for consideration 

order eliminate much possible the influence 
the stromuhr these experiments was inserted the upper portion 
the jugular, immediately below the union the internal and 
external maxillary veins. greater number valves were 
interposed between the central cannula and the central venous 
trunks. This type variations was most marked 
animals having feeble heart-action normally whicl 
the anesthetic had depressing effect upon this 

The changes intrathoracic pressure were recorded 
connected means cannula with the left pleural cavity 
downward phase the respiratory curve corresponds therefore 


inspiration and the upward phase expiration. 

Fig. example this type variations. observe that 
the curve the blood-flow shows recular and deviations 
from its otherwise straight diagonal course, first further away 
from the abscissa and then further toward changes occur 
and the latter point the blood-flow assumes its normal value 
again, 

When the ordinates the negative pressure 
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occur synchronously with the respiratory inspi 


ration the flow greater than normal and during expiration the flow 


less than normal. Moreover, the increase takes place immediately 
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FLOW OF BLOOD EXT. JUG.VEIN 


inspiration, but becomes greater the course this phase, reach 
ing its maximum value the time greatest negative pressure. The 
same parallelism displayed during the expiratory phase. The shorter 
this phase, the shorter the duration the period decreased flow 
and the more decided the changes the intrathoracic pressure, the 
more conspicuous are the changes the blood-flow. forced 
expiration can produce stoppage the flow. 

show the dependence the respiratory variations the depth 
the respiratory movements, the values for the following three ex- 
periments have been calculated. ‘Table shows the duration 
the respiratory phases recorded the tambour connected with 
the pleural cavity. 
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respiratory pause begins volume 


stream during this period depends course entirely upon 


the heart. Consequently must come 


under normal conditions the heart forms far the 


factor propelling the blood, while the respiratory 
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increases with their depth, must necessarily 


become the more important, the shorter 
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This curve was written immediately after section the left vagus 

Normally the negative pressure the pleural cavity varied from 

—8.25 mm. and the curve the blood-flow resembled very 
closely that given Fig. Immediately after the section the 
ative pressure showed wider range toward well away 
from the abscissa (from mm. Hg), but, instead the usual 
decrease the frequency respiration, the section this instance 
produced least for short quicker movements. 
The forced character expiration shown the fact that the 
upper convex portion the curve gradually approaches very near 
the abscissa true pause therefore absent. 

The important influence this type respiration the blood 
the jugular apparent the first glance. The curve has 
completely lost its normal character, represented Fig. 
sure the inspiratory movement accompanied decided onward 
flow the blood which becomes most conspicuous during 
the time greatest negative pressure. The period slackened flow 
during expiration not stopped however, but continues 
negative pressure decreases still when the negative 
pressure reaches its lowest value, almost complete stop the blood- 
flow occurs. the period gradually increasing negative 
pressure, prior the decided inspiratory movement corre- 
spondingly greater volume blood again moved 
the forced expiratory phase beginning /:, therefore, the part which 
the heart plays propelling the blood 


Having found that the respiratory variations the blood-flow are 
closely related the changes the intrathoracic pressure, stimula- 
tion the nervi phrenici was resorted for the purpose producing 
even more decisive changes pressure. Both nerves were placed 
covered electrodes opposite the outer border the lower fourth 
the sterno-cleido-mastoid muscle. tetanic current was 
used, the strength which was altered such way that either 
slight great increase intrathoracic pressure resulted. The cur- 
rent was made synchronous with the beginning inspiration. 

may serve asan example weak stimulation these nerves. 


The current was this case applied three times succession 
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and was sufficiently strong increase the negative pressure 
mm. while normally varied from —4.25 mm. 
normally only 1.2 per second were propelled, the average valu 
during the periods increased negative pressure amounted 
to 4.0 <.c. per second. 

another case the intrapleural pressure was increased 
mm. mm. stimulating the phrenic The 
blood-flow sutfered the same time increase from 1.8 
Per 

Increasing the negative pressure still further stimulating these 
nerves with strong current does not necessarily imply that 
respondingly larger quantity blood thereby moved 
fact, under these conditions the usually decreases 


Fig. for instance, the volume blood was reduced from 
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1.6 per second during the period stimulation from 
negative pressure this time was increased from its 
normal value, —9.25, mm. seems that these 
instances the strongly contracted 
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CARDIAC VARIATIONS 


The variations 
pendent upon the 
during each cycle 
pressure-curve the central venous trunks pursues 
that the auricle, and 
must the more conspicuous, the 
reservoir. 


Undoubtedly, under normal 


right auricle and ventricle the blood 


important factor the onward movement 
The inspiratory movement reason 
considered only as an “oct asional aid. “he ha Variation 


} 


the blood-tlow this vein will recorded best when the res 


movements are shallow and far apart and the heart beats forcibly. 

portion the central cannula, placed 
between the neck and the shoulder, remained 
cavity and about from the subclay 
four valves were thus left the 
inferior extremity this vein. valves were found between the 
latter point and the auricle. 

The respiratory phases Were recorded as desc ribed above The 
venous pulse was recorded membrane manometer, connecte 
means tube with the central cannula 
This record served obtaining the various phases 
cycle. 

Venous pulsation may due first the contraction 
auricle and ventricle, secondly various accidental mechani 
ences, least the smaller veins the 
apparent that these experiments only 
has considered 
} 


interpreting the venous pulse curve obtained 


ments made use the investigation 
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know, the only recent paper this Fredericq recog 
nizes two distinct rises the venous pulse; the first attributes 
the systole the right auricle and the second the ventricular con- 
traction. general, the curves obtained correspond very 
closely with those the paper referred to. Only one 
should spoken of, and that the fact that the auricular contrac- 
tion always gave strong rise, much higher than that 
systole. this respect the curve identical with the curve 
intra-auricular pressure shown Fig. 10. 

But seemed essential that the curve the blood-flow com- 
pared directly with the curve intra-auricular pressure. This, 


seems me, can done without hesitation. the paper cited 


above, Fredericq comes the conclusion that the pressure-curve 


the external jugular exhibits essentially the same iracteristics 
that the right auricle. 

Before proceeding further might well consider briefly the 
different characteristic points the intra-auricular pressure curve. 
According whose results substantiate and extend those 
the auricular curve consists 

The systolic rise, corresponding the contraction the 
auricle. 

The first diastolic fall, corresponding the relaxation the 
auricle. 

The first diastolic rise, from near the beginning ventricular 
systole the opening the semilunar valves. 

The second diastolic fall, from the opening the semilunar 
valves near the beginning ventricular relaxation. 

The second diastolic rise, from the end the second 
fall the beginning ventricular relaxation. 

The third diastolic fall, during some portion 
relaxation. 

The pause, from the third diastolic fall the next systolic rise. 

Upon this curve shall largely rely harmonizing the different 
features the variations the with the 
intra-auricular pressure. 

this entire line recording the blood-flow exhibits 
numerous depressions similar form and 


these indentations the curve pursues wavy 
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course upward, ascendin 


slowly. observe, therefore, 


Of the Blood tr fia fev 


There period during whi 

moved onward and period during 

details the curve are rendered visible, will show 

second period there are times when the flow ts ¢ my] letely 

These will be discussed below 

comparison between the ordinates the respiratory phases 

those of the blood-tlow In lig, 11 will show immediat 

variations seen here are absolutely different 
the preceding chapter. But, the ordinates the 
compared with those the venous pulse 
seen exist. 


The first elevation the venous pulse curve, 


corresponds exactly with the bottom the notch the curve 


synchronous with the end auricular 

diastolic phase this cavity begins, 

creased, from 2. 2c. etic. Lhe latter ordinates 

the end the period greatest negative pressure durin 

diastole. ‘Thus see that the period increased flow 

coincides with the entire diastolic phase the 

the end auricular systole the beginning 


the blood-tlow is noticeable This period ot sli 


with the second diastolic rise and ends with the next 
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more careful inspection 
second sligt about 
systole (1, 

clearly 

phases 

with the ven 
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tricular systole. But, to 


show the full significance 
this indentation and also 
bring out more clearly 
study curve written upon 
FLOW 
rapidly revolving drum 
12) 

-ditferent 
phases 
cycle are way 
forced more widely apart, 
each intersvstolic period 
following 
tails: The fall pressure 
following the auricular sys 
increase the blood-flow 
which con ues 
during the entire first dias 
tolic fall During 
the first diastolic rise, 
from the beginning ventricular 
semilunar valve, onward movement blood 
second diastolic fall following the opening 
during the second diastolic rise 
rise the curve the blood-flow 
the two preceding and very likely takes pla 
diastolic The quantity blood 


no onward movement ot blood occurs 


f 
the curve also reveal the presence 
midway between the end 
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external jugular vein and found that the systole the auricle does 
not cause the column blood move backward. When he, however, 
destroyed the valves centrally the instrument backward move 
ment the blood took place. therefore concluded that normally 
such 

interposition the venous 
valves. further 
states that cessation 
flow does not take place 
during this period. 

While the experiments 
now under consideration 
prove the 
evidence contained 
the curves show that 
stoppage the blood-flow 

does not occur. When 


F 


the abscissa drawn and 


| 
the ordinates the curve 


ABSCISSA BLOODFLOW the blood-flow are con- 


tinued downward, can 
readily seen that this 
curve pursues parallel 
the abscissa 


three places, namely, 


DEF 


pEF from from and 


When these periods are 
compared with the curve auricular pressure found that 
onward movement blood the external jugular vein takes 

During the systole the auricle, 
During the first diastolic rise, 
During the second diastolic rise. 


FRANCOIS-FRANK, Archives physiologie, pp. 347-354 and 
pp: 3905 410 
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must conclude that the volume blood this vein 


enters the venous trunks and right auricle only during the 
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periods of lesser pressure, nameiy 


During the first fall, 


During the second diastolic fall, 


During the third diastolic 


During the pause common both auricle and 
hese conclusions confirm and extend the results gained in Porter's 


study the effect changes auricular and ventricular pressure 


upon the filling the heart: concluded trom the origin the 


systolic and the first diastolic rise, that the auricular pressure at these 


moments higher than the pressure the contiguous veins and that 


the venous inflow must at these times cease (pare mae & Pe \\ ith reg ird 
to the second diastolic rise his observations did not enable him to 


speak with confidence. 

Regarding the third diastolic fall and the pause common both 
auricle and ventricle, we have previousiy seen that the biood-fow dul 
ing the third much less than during the first 
two periods falling pressure. During the pause hardly any 
noticeable.! 


The main factor propelling the blood must therefore the first 


and second diastolic falls second diastolic 
even greater suction-action than the 
determinations were made, this statement well substantiated 
the largest number the harmonizes with the fact that 


referred previously.) 

show the relative importance the periods the 
curve auricular pressure have calculated the value the blood 
tlow (c.c. per second for the first and the second half each auri 
ular cycle. The first half embraces the first diastolic fall, first dia 
stolic rise, and second diastolic fall. The second half includes the 
values from the beginning the second diastolic rise the end 
the next systolic the curves Figs. and these periods 


i 
two experiments there was hardly any 


during the third diastolic fall the heart pre 


q 
| 
slight alterations times. 


456 


taken upon rapid-moving drum, were measured each 
number seemed because the individual deviations are very 


slight. 


Duration 


table serves prove again the observation made 


that far the greatest volume blood moved onward during the 
first half the auricular cycle, during the period greatest 
pressure. During the second half, including the third 
fall and the common pause, the blood-flow minimal. observe 
that the former volume about ten times the latter. 

This fact the highest importance the frequent 
when the heart beats quickly, the common pause reduced dura 
tion entirely absent. can readily seen that only very 
slight loss the volume inflowing blood the 
absence the the auricular cycle might reduced 
about one half its normal duration and still there would not 
important decrease the volume the inflowing blood, 
the duration the first two diastolic falls remained unchanged. 

measurements, pages 531 the paper already 
cited, show that the duration the second diastolic fall remains 
practically unchanged even the most frequent heart and that only 
the succeeding diastole, including the pause, suffers the short- 
ening time. 

And even the second diastolic fall should slightly shortened 
when the heart beats very quickly and without corresponding de- 
crease the length the systolic periods, the loss blood which 
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fall pressure 
In order to show more cle rly the re] itionship between the chan rcs 


intra-auricular pressure and the cardiac variations the blood 


flow, have placed curve, showing the volume the 


ce 
20 
5 
/ 34 66 7 10 
\ ) 
\ 
100 
} 50 
20 
| 34 i 
ki | 1, \ \t 
ind t ry | n 
i ivat l Wermos 
i tra ir 
t t i nat ! 
First dia fa | pet 
i lic f 


through the external jugular vein, above the curves pressure 
the auricle and ventricle. time the auricular 
cycle one second and the quantity blood propelled during this 
entire period Is [.7 C.C. The relative volume for the ditterent phase 

Before concluding the discussion the variations the blood-flow, 
reference must made the changes which are the 


appearance the respiratory and cardiac variations 
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observe that far the largest number the 
variations occur during the respiratory pause. Only two and 
coincide with respiratory phases. After the second and seventh 
systolic rises (auricular systoles) the shows the usual in- 
crease and /), but the succeeding period slight 
during the last half the auricular cycle not present. 
there even greater onward flow which entirely destroys 


the depression that would otherwise occur during this secondary rise. 
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The greater fall intravenous pressure occasioned the in- 


spiratory movement interferes therefore with the normal 
formation the cardiac variations and gives rise 
which proportional the sum the intravenous pressures, caused 
the force the heart and the depth inspiration. 
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The same summation interference occurs during the 
movement, but soon the respiratory pause commences the cat 


diac variations again become prominent. 


normal volume the blood-stream the external 
second. The velocity 147 mm. per second 

stimulating the vagus total cessation tlow pro- 
duced, 

Section both vagi increases the volume the blood-stream 
times. 

compressing both carotid arteries the quantity blood 
reduced per cent 

The blood-flow the external jugular vein intermittent 

Two types variations are present, namely those due the 
respiratory movements and those caused the changes pressure 
during each auricular cycle. 


Inspiration the flow, expiration lessens con 
spicuousness the respiratory variations dependent 
frequency and the depth the respiratory movements. 

increasing the intrapleural negative pressure 
stimulating the phrenic nerves the blood-flow 
stimulation these nerves, the other hand, generally produces 
retardation. 

During each auricular cycle the ceases 
periods rising pressure occur, The flow during the 
second diastolic falls about ten times great the 
other phases; therefore, the frequent heart the duration the 
entire may reduced more than one-half before appre- 
ciable loss the quantity inflowing blood would The 
second diastolic fall more important than the first. 

10. When the respiratory pressure changes 

synchronously, the volume the blood-stream determined the 


combined both factors 
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IV. Summary of g 


many the experiments which have been carried out deter- 

mine quantitatively the proteolytic power pepsin under various 
conditions, the chief deductions have been drawn directly 
amounts undigested residual matter rather than from the pro 
portions the digestive products majority these 
cases the figures for undigested matter have doubtless suggested 
approximately correct conclusions this regard, but 
able that, some instances least, quantitative studies the 
albuminates, proteoses formed would have furnished 


more accurate and acceptable data. 


writer has recently been engaged study the action 


pepsin under varying degrees acidity with number acids, 
and the presence different ions, the results which will 
reported experiments such character the 
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decreasing amounts acid associated with the pepsin, 
nothing its quality, variously affect the proteid indicator, irre 
tive the influence the latter the Different 
tions acidalbumin would formed, also, with variations the 
chemical character condition the proteid 
test relative zymolysis. correct comparative deductions are 


drawn from the results such experiments, would scem 


termining the amounts albuminate present case 
almost not quite important ascertaining the quantity undis 
solved undigested conceivable that comparative 


cases where, for example, the undigested matter might decrea 


the proportion formed the mere solvent action 
the acid might correspondingly larger. assume trom the 


diminished quantity original proteid, such instance, that 
zymolysis had been greater the one case than the other 
ously would unwarranted. 

the first the ion experiments, 
to, purified used the the end the 
interval the residue was filtered weighed paper and 
portion the filtrate carefully for the precipitation 
and quantitative determination the albuminate \fter standin 
from twelve twenty-four hours the precipitate was filtered 
paper and, after washing and drying, estimated cus- 


tomary however, was discovered that boiling the 


digestive fluid from which the neutral precipitate had been 
caused further precipitate, presumably albuminate, whi 
not separable neutralization the amount this 


tli 


precipitate comparatively small, but course, for accuracy 


sake, could not The boiled was cither permanently 
turbid minute flocks separated from precipitate 
the digestive likewise occurred independently the 


acter the alkali used neutralizing, the acid associated with the 
pepsin, the length time between neutralization and filtration, 


the volume the 


These facts led us to make a special 1 jiu t t i | 
the neutralization method for directly det 
the quantity of acidalbumin in ran restive mixture 
method desirable and convenient not only the 
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ments progress this laboratory, but also for various 
proteid studies. such separation neutralization alone 
particularly advantageous digestive experiments because can 
made without affecting the associated proteid 
determinations any substance, when they can made accurately, 
always possess advantages over indirect determinations. 

Very little attention has been given the quantitative determina- 
tion acidalbumin. those cases which its approximate 
determination when present among other proteids has been desired, 
neutralization the cold has been and then the precipitate 
has been filtered the writer’s experiments just referred 
most instances, however, acidalbumin has been determined part 
albumin globulin the form coagulated proteid; or, 
reason small amount relative unimportance, has been ignored 
altogether. 

example direct determination quantitatively the process 
method has been occasional use for years. the experiments 
proteoses, peptone, etc., was precipitated careful 
The neutral mixture was allowed stand for two hours 
precipitate which had then separated was filtered 
weighed was not part the process. 

have already indicated, boiling the filtrate from the acidal- 
precipitate, occurrence suggesting that mere 
neutralization not sufficient for effecting separation particular 
this fact suggest themselves. 

usually stated that albuminates are insoluble 
solutions, although not all observers are agreed this 
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among others, has noted, cases where only slight amount 


none all, could precipitated neutralizing, that the neutral 


evaporation the half its volume. See Zeitschrift tur 

Chemisches Centralblatt, 1876, Jahresbericht 
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may be admitted that these derived prot id substances, and parti rf 
larly the produ ts, are for the most part insoluble 
saline media, but the moist, digestive albuminate 


clearly soluble solutions various salts, ourselves have 


definitely Consequently, neutralization its acid 


solutions, portion the acidalbumin remains the 


formed the process. the filtrate, however, some 

this residual portion because albuminates are 

coagulable heat neutral saline 


appeared probable, also, that the experiments the 


associated proteoses and peptones exerted solvent action on the 


albuminate, thus increasing the retaining power the solution and 
thereby helping prevent simple neu 


were inclined believe for that carbon dioxide the 


fluid, which might have influenced the indicators and lacmoid 


papers), was driven out boiling and possible solvent action 


albuminate was then thrown 


done away with, that the rest 


That the precipitate obtained boiling was not due earthy 
phosphate impurity the reagents was definitely ascertained 

the neutral point approached experiments these 
possible that portions the albuminate which have already 
been precipitated are redissolved and perhaps modified the dilute 
alkali, added drop drop the nearly neutral dis 
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because the lack acidity account the solvent action 
the increasing quantity salts formed the neutralization process. 

are not aware any combinations albuminate with proteose 
peptone, nor transformations these substances under the con- 
ditions these experiments, which would account for the precipitate 
thrown down when the neutral fluid 

seemed desirable, then, determine the the various 
factors referred and, particularly, ascertain the proportions 
albuminate lost neutralizing, well the proportion thrown 
down boiling the filtrate from which the neutralization precipitate 
had been removed. facts have ascertained, bearing the 
sufficiency the precipitation method direct determination 
acidalbumin, are indicated the summaries our experiments 


pages 


EXPERIMENTAL. 


Preparation varieties acidalbumin were 
used these experiments. One was prepared from muscle with 0.2 
per cent room temperature, the other from fibrin with pepsin 


from muscle. 


Several pounds fresh, was finely 
minced meat chopper and the hash thoroughly washed running 
water for thirty-six straining the last washings through cloth 
the hash was placed excess per cent kept there for 
twenty-four the end that time the acid extract 
and the separated neutralization with dilute 
tated three times with dilute KOH for the complete removal of lmMpurities. 
final precipitate obtained filtered solution 
washed during twenty-four hours decantation seven eight litres 
time, first with ordinary water, last with distilled water. the 
washings contained substance the biuret reaction and causing very 
faint turbidity boiling. trace this persisted the 


1 


washings, indicating slight the freshly precipitated material 
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solutions were not concentrated for the separation 
proteose, nor Was there any acidity tor the precipitation of acroprotcose. 
wecipitate bore no resemblance to * coagulated ” heteroproteose Phere 
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reason for believing that separated under these conditions. 
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ature under dried material was event 
same method that used for the separation the 
tion was not dried, but the m t jostance atter thorough reprecipitation, 
on page 475. In th preparation, also, the washings, in spite of t ! 
volume and frequeneyv, Contained, to t iast, a trace of tan 
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erate amount HC] per cent) containing only verv small 
all the fibrin had amount pepsin selected was 
7 ind the period of digestion s rt, so that the proportion of alluminat t 
to the botling-point. to destrov the pepsin: was kept at the | 1 pomt 
t r tw rel t liet ( 
The cold. filtrate was next neutralized with KOH Wi 
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again cooling, facts indicating the presence proteose with acid- 

The moist substance was finally dried thin warm air tem- 
perature below The substance was finely 
weighed 2.5 gins. 

The fibrin had not been although had been thoroughly 
washed sample also was made the 
just neutralization precipitate was redissolved per 
cent four times and frequently reprecipitated with dilute 
care was taken wash thoroughly and precip- 
itate was whipped repeatedly much fourteen litres 
final washings distilled water were almost entirely 
from giving the biuret reaction and yielding turbidity boiling 
treatment with picric this point the substance was divided 


roughly into two portions. 


first portion was dissolved per cent the solution 
diluted with equal volume water and filtrate was pre 
cipitated with dilute KOH and the proteid, after thorough washing for 


few hours, was spread glass plate and quickly dried below 


usual. ‘Twelve grams were obtained. 
second portion was dissolved o.2 per cent 
stand several hours, without dilution, and then precipitated, washed and 
dried was the first portion. weighed about gms. 
The washings both portions first showed inereased content acid- 
albumin. trace was present the final washings distilled 
water, 


fourth preparation acidalbumin from fibrin was made 


hundred grams the proteid which had not been boiled water, but 
which had been very thoroughly extracted and 
method preparation was the same that for the previous products. 
The acidalbumin was theroughly washed fourteen litres water 
times during hours. the end the process only mere 
trace coagulable substance was detectable the distilled water wash- 


ings, and the last two washings satisfactory biuret reaction could 


The washing was done frequently during twenty-four hours, and there was 
hardly time enough for bacteria develop and form proteose. possible that 
the course twenty-four hours slight bacterial changes did occur without 


The water used washing all these preparations was kept free 


antibacterial substances prevent possible transformations the desired 


products through such chemical agencies. See page 486. 


Higher temperature was aveided prevent possible 
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Acids employed (salts formed 


phuric, arsenic, phosphoric 


I 


hydrochloric, nitric, chloric, 


tic, oxalic, tartaric and these were caret 
standard alkali and appropriate and 


our experiments 
solution 
lacmoid 


transformed 


mately equival 


solvent 


} 
ODServer 


carried 


Sponas \ tik 


The /), Of «4 Lewd 
be obtained thout concentration. | tH +t ¢ 
beech ahowed to and after excess Of lad \ po! 
from it through hard titer paper. was used it \pcrmnent read to 
On page 
] ] } 
order test the precipitation 
1] tit tearl wreath 
WIV titrated WITA 
Cit CQGuivan 1) tO 
was transferred the acid 
which salts were formed were tested wit 
tions various investigators. were obt 
the neutral pomt, bowever, or when tre Cl Was present only \ | 
traces 
HCl] contains 26 per cent Hc] contains per 
‘ « 4 
H PO, contains 33 per cent H Pay, These strengths of ac re ppror 
those used representative peptic digestive experiments 
matter present the tluid the greater the acidity may without the exertion 
action the part the This tact accounts for the heavy tur 
ee in some of the fl ls, while free acid was still det tall nt ! | ‘ 
precipitation occurred earlier some than others, doubtless because 
ditterent the appeared the sulphate solution quick] 
anv. SO, seemingly being helpful the precipitation acidalbumin 
several our main products was observed that 
supernatant over the main bulk the precipitate remained somewhat 
adding little more dilute alkali the substance causing the tur 
flocculent and settled out quickly under a riectly clear Phe latter t 
remamed neutral to tints our qu val 
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Proteoses and peptones peptone was used all 


the experiments which determined the influence the digestive 


products the precipitation 


such experiments weighed amounts dry Witte’s peptone and our acid 
albumins were dissolved given quantities each the acids above- 
mentioned. With most the acids all the comprising 
the ** peptone ”’ completely dissolved. In others, however, a perma- 
nent precipitate was formed, either immediately admixture 
each case determined urately the amounts 
the precipitates such extraneous matter and made corresponding 
corrections the data subsequently obtained. 

The following gives our results this connection, precipitate 
bulky heavy that having been obtained with the acids not 
mentioned below. 

Weighed peptone (Witte’s) was dissolved solutions 
left standing several hours, and then neutralized with dilute litmus 
lacmoid the indicator some cases before others while 
the was the boiling After neutralization 


allowed stand over night and then was boiling 
the neutral filtrate tailed cause neither did longer standing 


result further separation solid matter. 


Amount of 
Time neutralization pre- 
neutralization. cipitate. 
Gram. Garam 


Amount of pep- 


tone dissolved 


Before boiling OO214 
Before 0.0392 
After 0.0376 


After O.OLSS 


After 0.0058 


After 


Samples the preparation used the experiments. See page 469 


Acid 

10 

10 


Compounds 


Quantities solids and fluids taken. Unless 
100 acid was used for each experiment series 
tities acidalbumin were between 


peptone, between 0.5 and 1.0 


Precipitation acidalbumin. albuminate was first dissolved 


the acids alone already indicated, the acids with their con- 


stand this condition for hour more, when careful neutraliza 


tion was begun and completed soon possible.! 


The neutralized fluids with their precipitates were allowed stand 


undisturbed until the following morning, when the solid matter was 
filtered weighed papers, washed with water until free soluble 
and eventually dried the air-bath 


the summaries farther give the corrected final 


appreciably 


was doubtless too s] 


of these. Live ‘ t iggy t 
quantity the precipitated but rather 
Qual 
to Catise rrors. spall ‘ \ 
handled amounts and proportio sue 
is have figured in the past intyy | digestive ex In our on 
the acids and Witte’s peptone throughout. ntro- 
rials used. In all cases w re ih ivy cid Wh Was Used we refer 
to the product at below Phe amount of water in the “ai 
the usual manner and due correction mad 
combining power the peptone for the acid did not. will 
the effect neutralization. Acid combined the peptone 
only few instances were the filtrates repeated 
solid matter was retained. washings, several 
initial turbidity, but the solid substance these was like veral 
filtrations. these washings were always neutral account tor 
: the turbidity on any other than mechanical croun 
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l 


weights each Other matters method are indicated with 


the summaries each experiment. 


neutralization depends largely the amount saline matter present 
our own experiments the acid was dilute and the final content salt 
neutralizing was small, though sufficient for the precipita- 
tion the amounts were careful carry the addition acid 
the point exact neutrality disappearance free which 
method, cautious manipulation, was found give the maximum 
amounts Various observers, among them recently Spiro 


appreci ated. 


get accurate idea the relative proportion substance thrown 
from the various neutral filtrates boiling. 


thereto and alsu to roo c.c. HO. Neutralization was made with dilute 
KOH this and the four succeeding neutral 
was brought the boiling-point and maintained there about minute 


The gravimetric results are shown the table page 471. 


All the above filtrates that were obtained after boiling gave the 
biuret reaction and yielded slight amounts proteid substance with 
precipitate dissolved water and gave the proteose 
reaction with picric acid. This fact suggested that proteose was con- 
tained the substance spite the thorough washing which 
had been Possibly, however, some the proteose was 


derived from the albuminate 


See facts regarding precipitates extraneous matter peptone, 
page allowance was made for the ash the neutralization precipitates. 
The quantities ash were entirely too slight affect the figures given. 
The formation alkaline salts was avoided. See page 
4 Spiro and PemMseEL: Zeitschrift fur physiologis« he Chemie, 1898, xxvi, p. 230. 
large proportion this precipitate was inorganic matter. 
6 See page 456. 
See page amount saline matter present the fluid was quite 


for complete precipitation the 


| 


this experiment the precipitate 


uantity 


filtrate amounted, usually, from per cent 


precipitate was obtained, boiling, from the control” nor from the 
solution citrate. Further, will observed that the amount 
albuminate recovered from the water control 

from any other solution. slightly acid mixture 

saline matter was comparatively small and solvent action 


acidalbumin greatly reduced therefore.! 


0 003 


Second experiment In the preceding series we did not know t 


ing the albuminate and distributing solution, 


1 


{> 
| 
uant { ‘ 
\ int traiiza 
i 
Csrat (srat 
Nit O.O383 
Lactic 
OSS 
Phosphor Ouse! 
( tt 
Water tt 
\verage 0.035 
to the water Phe very proportionate acidity a iting there ent 
to heey Ul of th sta e dis 
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introduced small amount the into all the acids and the 
water, and thus, perhaps, tended complicate this ex- 
periment began with accurately weighed amounts dry substance. 


gm. portions fibrin albuminate preparation were 


Amount (Juantity precipi Total amount 

neutralization tate on boiling the of acidalbumin 
precipitate neutral 
Gram (jram. (sram. 
0.127 
Oxalic 
Chloric 
Tartari« 0.123 none 0.123 
0.133 O.134 
0.142 


Arsenic O.143 he O143 


Average total quantity of acidalbumin lost, OO4S gm 26.5 per cent 


per cent the original acidalbumin and 5.26 per cent 


final filtrate gave the biuret reaction and, when treated with 
per cent alcohol, yielded slight amount substance, which 
appeared proteose and the above results seem 
indicate that some the original acidalbumin remains solution. 
The proteose probably came from some the dissolved albuminate 


boilit The average proportion substance separable 


or 


See footnote page 466. 


a) i | | | | 
| 
| | 


The Quantilahi / 


ing was somewhat less this experiment than 
several cases, however, was unusually large probably 
inaccurate neutralization the place variations 
total amounts recovered are slight, and within the limits 


unavon 
adie experimental errors, Which shows tl 


cant differences the precipitative 
formed from the acids under these conditions.! 
experiment 


with myosin albuminate. was used for the purpose. 


0005 0 236 


dissolve in. tl cid even alter twentv-four ho With Treg ! 


preceding experiment was ated, 


there are only 


{ 
Am tof (uantit t ! int 
\ itra tat | the ta 
(sram (ora 
4? 
(9229 
Nit 224 ) 
(ity (p23? , 
»? 
(F739 17 
Averaye total uantitv ot aci i it 142 ‘ 
Avera juantit f acida mint t eutralizi on ! 
per cent of t on il at i per ‘ 
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The drying had materially affected its solubility. The freshly precipitated, 
moist substance, however, very easily dissolved acids much more 
dilute than those used sulphuric acid seemed have the least 


solvent action. ‘The mrs from the precipitates obtained on neutral- 


ization of the hydrochloric and oxalic acid solutions gave respectively 
and mgms. substance amounts were included 


those for the neutralization precipitates, given the table page 473- 


will observed that the average amount precipitate obtained 
boiling very nearly the same the previous experiment, but 
that its proportion the neutralization precipitate less 


fore. The acidalbumin prepared from muscle less 
neutral saline solution than that obtained from the 
action pepsin. The proportion total substance recovered 
large, 85.8 per cent, but, nevertheless, slight loss resulted fact 
doubtless due, great part least, transformation 
The final filtrates gave typical biuret reactions and precipitates 
with which, when dissolved water, responded faintly 
though distinctly the proteose reactions with picric acid, potassio- 


mercuric etc. This fact emphasizes the conclusion stated 
above, and further convinces that the boiling process some 
the albuminate held solution converted into proteose. 

experiment, The preceding experiments made clear 
that small though appreciable quantity acidalbumin remains 
solution when the acid holding neutralized; further that, boil- 
ing the neutral filtrate, part this remaining precip- 
itable, whereas the larger portion appears into 
non-coagulable material. next endeavored ascertain the in- 


proteoses and peptone the precipitability acidalbumin. 


samples fibrin albuminate, preparation portion 
were amount was equivalent gm. ibstance dried 


this and subsequent experiments are for substance was received 
the original fluid the first each pair experiments 
with oxalic and hydrochloric acids (a) was neutralized boiling 
point, atter ne inly all of the acid) had) been previously transformed. to 
that the second (b) was neutralized usual boiling 


Neutralization the others was made before the cold. 


not overlook the fact that the usual manipulation might 
ee account for the observed ditherence between the qu intity taken and that recove red 


Our weighings, were conducted, however, and such 


errors were reduced inappreciable minimum 


none 
0 004 


11 


0151 
0151 
0 150 


\ 
\ pto 
( (; 
1. Hy ) 
) { ; 
\ 
\ i) + i} / 
14 
\ Os 
» \ 1.4) ( 
C. Tartari | 
2 (> 
? as 4e 
} 10 O.147 15? 
Lacti | 0.152 
Average total quantity of acida mil st. 0.029 om 16.1 per cent 
Ratio. IT: Il (for 2 a1 72% 
II (for 2 and 3) t of the ginal acid tof ill 
1 Due cor tion has | ! sit ited i" 
represent, t the ave pre rou ‘ t t 
See references in this connect m pa 174. 
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The final filtrates from those fluids into which peptone 
been introduced gave the biuret reaction, faintly though distinctly. 
was strongest the chloride and oxalate delicate pre- 
obtained treatment with alcohol was composed part 
proteose. The alcoholic turbidity also was greatest the chloride 
and oxalate filtrates. 

These results are harmony with the preceding showing slight 
losses The peptone appears without any par- 
ticular influence. The quantities acidalbumin recovered seem 
below the average the chloride solution and somewhat above 
the citrate. These data accord with the facts, however, that acidal- 
bumin fairly soluble chlorides and less soluble equivalent 
amounts citrates. The quantity recovered from the citrate solu- 
tion has been relatively high the preceding experiments, also. 

singular occurrence this experiment, one rather difficult 
account for the light the results succeeding series, was the 
fact that all the cold neutral filtrates which were free from 
failed yield further precipitate boiling. Most the cold 
filtrates containing peptone, the other hand, gave appreciable 
quantities coagulum. 

Fifth experiment. this experiment repeated parts and 
the fourth experiment. Fibrin albuminate from the second portion 
preparation was used. 


0.2 portions the substance were weighed into each 


The general results and conclusions this experiment are the 
same those the will observed that second precip- 
itates were obtained only those fluids which had not been previously 
boiled. There particular difference the action 
chlorides and oxalates. The proportion unrecoverable substance 


this experiment practically the same that the preceding, 


amount saline matter contained the original albuminate was smali. 


Portion Preparation tor example, contained only per cent 


hardly possible, therefore, that the loss sul 


was due removal in- 
organic admixture All our albuminate preparations, will 


hed 


recalled, were originally reprecipitated several times was 
before drying, which process matter was very thoroughly removed. 


See footnote 2, page 475. 


4 


Determination 


The 


although different preparations acidalbumin were 


filtrates gave the usual proteose reactions. 


A. 10142: 11, TIT. O.146 om 


preceding experiment 


0.140 


repeated 


from fibrin 


Muscle albuminate was used, instead the 


freshly precipitated substance was taken because the insolubility 


\ Quantity of Dota 
Acid peptone t i 
Gran Gran Gram. Gram 
\ Oligo 4e 
0.145 
30 10 0.153 
1 0.136 0.003 
2 05 0.156 0.003 
3 10 0.137 0012 
\verage total quantity acidalbumin lost, 0.029 16.2 per cent 
\verage quantity of acidalbumin lost on neutralizing ( dy, LOS n 1u Mer t 
Phe average for IT 4 (1-3) 3.35 per cent of the original a ium 14.0 percent 
of the average for III 
1 See footnote, page 475 
As inthe previous experiment, a signifies boilin b Seepa 
the product. 


Preparation was little over gms. the moist sub- 


stance was dissolved 425 each acid, giving about gm. the 


freshly precipitated material each this solution, 100 was 
taken, usual, for each the four tests amount solid 
substance the moist syntonin was not determined Dilute 


was used neutralize the acids! this and all subsequent experiments. 


Quantity o verage total 

Amount of \ 5 
pres ite amount of 

neutralization 

tat 1 on boiling the acidaibumimn 

neutral filtrate. recovered 

Gram (iram Gram 


peptone. precl 


O05] 
0.064 


OO70 hon 
0.077 


0.074 
O.074 none 
OOS] 
O.079 


O.OSO 0.00] 
O.0S4 none 
O.OS9 
O.095 


The first each series was neutralized 


point had been reached. 


the final filtrates from the fluids which had not received 
Witte’s peptone gave delicate biuret reactions and slight precipitates 


alcohol. These possessed proteose The biuret reac- 
tions, usual, were strongest the chloride and oxalate solutions 


were observed the etfects the alkalies used 


neutralization process. The anions salts the alkali metals vary somewhat 
their effects. these experiments, however, their have not been 
particularly appreciable. See page 467. 

cannot believe that trace active pepsin adherent the original acid 
albumin caused the appearance proteose this point all these experiments, 
The boiling the digestive mixture before the first precipitation the acid 
albumin surely sufficed for the destruction all the methods 


preparation, page 465. 


ce 
\ 
| 
0.059 } 
0.073 
0.077 
1.0 0 087 
boiling, the rest the boiling 


The Quantitative Determination 


The comparatively high results for acidalbumin precipitated from 
the phosphate and oxalate are doubtless due great measure 
phosphate and calcium impurities this preparati 


the The amount precipitate obtained this experiment 


from the neutral filtrate boiling perceptibly less than any 
heretofore. The failure obtain such turbidity the peptone 
mixtures may mean that the peptone has actually aided complete 
precipitation. the other hand, there just much reason for 
assuming that the peptone holds the slight quantities referred 
solution. the first fluid each series 

might assumed that the peptone aids precipitation from the 


fact that the precipitates from the peptone mixtures slightly 
greater here each case than the precipitates not associated with 
peptone. have just suggested reason for this. Aside from the 


explanation already offered, the extreme difficulty washing out last 
traces peptone makes still more doubtful that these slightly 
higher figures should regarded particularly significant. 

n n rn a> 

are justified, think, concluding from this and the fore 
going experiments that the peptone has little any constant, 


ciable further results harmonize with this deduction. 


ascertain the influence increase and decrease the quantities 
digestive albuminate present the fluids begin with, the volumes 


the latter remaining the same. The methods the previous 


experiments were followed detail. 


Summary samples fibrin albuminate portion preparation 


Results are tabulated on page 49 


Although the quantity albuminate was reduced this experi 
ment, compared with the results those which 0.2 gm. was used, 
little proportionate difference noted the amount preci 


pitate obtained boiling. loss acidalbumin was 


observed Preliminary boiling here did not seem favor 


the highest quantitative The process first separating 


the neutralization precipitate and then boiling the filtrate appears 
all probability preliminary boiling results increased 
hydration, 


A. Uydrochlorie | 


Weight 
ot 
peptone. 


Gram 


Amount of 
neutralization 
precipitate.! 


(sram. 


O.06S 


0 067 
O.072 


O.065 
0.063 


0.071 
0.074 


0.063 


0.067 
O.OS9 


0.067 
0.067 


none 
0.003 


OOLO 


none 
O.006 


hone 


none 
0.004 


none 


0.004 


Average total quantity lost, 0.021 gm. 


Average quantity acidalbumin lost neutralizing 


Average ratio. I 


recipi tate 

boiling the 

neutral tiltrate 
(;ram. 


Total 


amount 


(aram 


0.065 
0.071 


O.067 
O.0S2 


0.065 
0.069 


OO74 


0.063 
0.072 


0.067 
0.063 


0.070 
0.068 


acidalbumin 
red. 


25.5 per cent 


The average for (1-3) 2.22 per cent the original substance and 2.90 per cent 


the average for IIT 


Summary gm. samples fibrin albuminate, portion preparation 


were used. 


substance. 


See footnote Z, 


page 477. 


Dried constant weight, this amount contained 0.358 


om. 


| 
1.0 
OS 
10 
0.001 


297 
0311 


this experiment four times much acidalbumin was taken 
the previous one, yet the actual amount precipitate obtained 
boiling was only slightly its proportion 
the preceding and some earlier experiments, precipitate 
thrown down boiling was obtained only from those fluids which 
had not been heated previous their neutralization. the 
final filtrates, biuret reacting substance could detected 
proteose formed the boiling process. 

The amount of albuminate recovered from the chloride solutions 
was slightly less than from the oxalate, although the previous ex- 
periment, before that, little difference between the two was 


} 


Such differences have been observed have not been 


(sram (sram Gata 
| \ 02S] 2S] 
. j W293 
| as IS ot 
QO. 29) not 
(315 3] 
7 Os 
i O3l2 ( | 
10 O29] Oops 
0.306 
Average total quantity of acidalbumiut t, om 15.1 t 
Average ratio, 60: 
the average for 
See footnote 175 See footnote page 477. 
| 
» 
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all constant, probably for the reason that the variations are within 


the limits unavoidable experimental error. 


The conclusions drawn from experiments and will found 


hold for the results the two following ones. 


Summary gm. samples acidalbumin from fibrin were used, por- 


tion preparation quantity substance was equivalent 


Quantity 
precipitate 
boiling the 


neutral filtrate 
Gram Gram. (sram. 


Weight Amount of 
neutralization 
peptone. precipitate 


0.069 none 
0.067 0 006 
O.057 none 


O67 0004 
0.065 none 
0.064 


O.O70 none 
0.058 0 
0.006 


0.070 0.003 
O.006 

O.06S5 none 


0.067 
0.068 


Average total quantity acidalbumin lost, 0.021 gm. 23.3 per cent. 


Average quantity acidalbumin lost neutralizing (cold), 0.023 


? 


Total 
amount of 
acidalbumin 
recovered 

(;ram 


0.072 
O.069 
GO73 
O 


O.06S 
0.071 
O.06S 
0 064 


O.O75 
0.070 
O.065 
0.074 


0 O70 
0 073 
OO74 
0.068 


0.067 
0.068 
0071 
0.071 


25.5 per cent. 


General average for 3.33 per cent the original substance and 4.35 per cent 


the general average for 


See footnote, page 475 


— 
} 
| 
T 
| | 
| 
‘her 
| 


(11) 0.004 
0.005 
0001 
0.005 


Average tot 
Average qua 
Ge Nhe ral ave 


General av 


The percentage substance recovered boiling was unusually 


low this and the eighth experiment, which larger 
acidalbumin were taken, fact suggesting that the loss 
portionately greatest with the least amounts 


0 266 
0 268 
267 


lantities 


pro 


d 
| 
peptone tite 
Caran (eran (sram Garam 
; 
5 O.5 0.257 (O07 () 264 
2. Owxalic ] 0.257 (26? 
} as 0270 
Lo 0 264 27? 
C. Iivdrochloric 1 0274 — () 
Os O 267 0.2657 
} 10 2t4 
} OS 0272 027 re 
} 10 O 26S O74 
quantity of acidalbumin lost, 0033 gm recent 
itity of acidalbumin lost on neutralizing (cold), 0.037 em 12.2) cent 
age ratio <1 
for per cent the original substance and per cent 
the general average for 
See footnote, page 475. 
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Eleventh experiment. Vhe foregoing results show that these 
determinations small though appreciable amount albuminate in- 
variably was lost. The quantity substance separated 
was slight and approximately the same throughout. 
ences were perceptible appeared depend mainly the quantities 


albuminate present begin with. Thus, the proportion this 
precipitate the hot fluid that neutralization cold 
was usually greater the smaller the amount albuminate originally 
taken. 

This would indicate that the method neutralization the 
cold the more satisfactory the larger the quantity albuminate 
involved. the other hand, because the volumes and quantities 
acid were uniform all these experiments, might assumed, 
that the solvent action the salts formed was much the same, even 
though the amounts substance used did vary this 


reason, also, the total loss material noted may have been uniformly 
slight. 
order test these points the following special experiment was 


carried out. 


Summary. gm. samples preparation fibrin albuminate (0.450 gm. 
substance dried were dissolved different amounts 
HCl, varying from 800 solutions were allowed 


stand for hour two, then were exactly neutralized with 


until the following morning. The weights the acidalbumin recovered 
are given below. ‘The filtrates were then brought to the boiling point and 
kept there moment became turbidity was 
least the smallest volume fluid and most pronounced largest 


The precipitates soon settled under perfectly clear fluid and 


were filtered off, with the gravimetric results appended. 


Volume the neutral filtrate. amount quantity 
precipitate. recovered 
Gram Gram. Per cent. Gram. 


0.399 0.005 O404 O 046 


346 


0362 


OOSS O103 


106 


OOF] 


100 
1O0 O312 


The results this experiment show quite conclusively that, 


conditions being equal, increasing proportion acidalbumin 
lost the volume neutral (NaCl here) becomes larger. 
have doubt somewhat, also, with rise the propor 
tion saline matter and, vice versa, falls amount with decrease 
the proportional content neutral Although the 

nate here was the same amount throughout the series, 

creasing quantity coagulum was separable from this neutral filtrate, 
result still further emphasizing the fact solubility acidalbumin 
cold neutral saline solution. 

Each the filtrates gave the usual biuret and proteose reactions 
The increasing loss acidalbumin above was seemingly due the 
greater hydration, inevitably induced boiling, 

considering the value this method, therefore, the volume 
the digestive mixture well the percentage content albuminate 
and neutral salts cannot overlooked. 

appeared quite clear from this and each the previous series 
experiments that least small amount acidalbumin was soluble 
the cold fluids containing it. Further, was impossible 
recover all the albuminate used the beginning the experi 
ment. seemed desirable this point, therefore, ascertain 
definitely the solvent power the various saline fluids made through- 
out these experiments the process neutralizing the acids. 

Solubility acidalbumin saline the first our 


special tests this matter ascertained merely the solubility the 


The larger the volume the longer the time required, with given tlame 


course, raise the fluid the boiling-point, and, therefore, the greater the expo 
ure the soluble substance hvdrating Some hydration must 
before the solution reaches the boiling-point. the materia! 
which separates earliest and causes the initial turbidity hydrated part the 
precipitate increases with the rise temperature. Doubtless some the mate 
rial solution also hydrated before can heating 
only would have resulted diminished loss acidalbun 

It would be natural to inquire in this connection why. on boiling, a small 
fairly constant amount substance usually remained coagulated precipitate, 
although hydration the larger proportion, dissolved neutral 
invariably fact, however, occasionally coagulation 
was observed, although loss of substance accurred, would indicate that «// of the 
substance the neutral filtrate was transformable into hydration products, and 
that, perhaps, the sameness conditions attending the boiling process accounted 


for the similarity the quantitative very 


sufficient now and then effect complete hydration the 


| 
| 


dried fibrin albuminate water and 0.5 per cent NaCl, with the 
following results. 


Summary (A).— Finely powdered samples fibrin albuminate portions 
and preparation were gm. was weighed for each test. 
This amount, dried constant weight was equivalent 
used throughout all but the previous mixtures were 
frequently stirred. were allowed stand over then filtered, 
the previous experiments. 


Weight substance recovered. 


Gram 


used. 


Portion 


Distilled water O.1792 


Average 


salt solution O.1L767 
0.1701 


Average 0.1734 


Total substance taken each 


boiling, the aqueous filtrates remained clear; but the saline 


fluids became opalescent. Practically nothing seems have dis- 
solved water. salt solution, however, slight loss resulted 
each test. with water show, grant that the dry acidal- 
bumin practically insoluble water, that our preparations contained 


obviously 


most the merest traces soluble salts proteoses 
not sufficient quantity account any extent for the loss sub- 
stance noted throughout all our experiments. Consequently this 
experiment particularly valuable showing that such disappear- 
ance substance has been noted all our previous tests has 
been due loss albuminate itself and not merely removal 
soluble impurity. 


! See footnote, page 176. 


Portion 
- 
0.1743 
2B. OS 0.1663 
0.1659 
0.179 
= 


We next tried the solvent acti f the salts formed in 
neutralization the various employed; also 


solubility water alone and water containing peptone. 


mint 


ind allowed 

intervals sample 


seems obvious, from the results page that acidalbumin 


somewhat soluble the salts formed neutralizing acid fluids 


its precipitation. insoluble distilled water 
the acidalbumin appeared slightly soluble water which 


been added are not sure, however, 


proteose and peptone had 
that this result not due the solvent action the saline matter 
present impurity Witte’s peptone. The 
amounts which dissolved the cold neutral saline the total 
quantities originally taken slight, With more decided 
acidity begin with, and therefore more formed neutraliza 
tion than was the case these experiments, doubtless the more 
decided would the solution substance, and the greater 
quantity recoverable coagulation 

light amounts 


The data just obtained also indicate that 
carbonic acid gas remained the fluids had 
little measurable influence the The proportionate 
amounts substance soluble and recovered from the which 
had been thoroughly boiled the albuminate was put into them 


and from whi h, therefore, the carbon dioxide had been removed, 


removed, the wl 
evaporation of water 
probably mace inapprect. 


The second of cach series in 


‘ 
were carefully neutralized litmus and with dilute 
} } 4 
already indicated below, some neutral wer 
thoroughly boiled tor Wi mit materia > DV 
(the boiled ones had been cooled The mixtures wer re { \ 
from the main bulk the tate 
for the determination of ary matter. 
I The moist substan e was kept in a covered mortar Before ea ! le \ . 
ler the circums‘ance were thus greatly n | d, id 
ible. 
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Weight of sub 

Drv substance recovered 

stance taken. 
amo 

of sul 


Solution. ‘ tre stance 
(¢ ilcu lost 


lated) 


ale il 
lated) 
(am 


Distilled water? 
O.004 


Distilled water with 
gm. peptone 
Distilled water with 
lem peptone 


1.6S22 O 0076 


L.76S5 1.7806 
Chloride O.7S34 OOL3S 0.7972 
1.0552 0066 LO6OIS 
Oxalate 15706 00276 16072 
1.0634 0.02) 2 1 OS46, 
0967 OSGIS OOL4AS  O.S766 


Nitrate 
OO2Z86 


OOL24 


0.0220 5 O07 2 


Average amount of substance lost 1007 per cent of that originally taken (average 


and 11.39 per cent the insoluble portion (average) 


The average amount precipitate obtained boiling per cent the orig 


inal albuminate (average) and 1.67 per cent the average quantity 
insoluble the neutral 


Ratio. 


1 Portions of the moist substance were taken at the beginning of the experiment 


and after the third, fifth, and seventh series. The quantities fresh material use 


for this purpose varied between 1.7334 and gms. 
See footnote, page 476 


The percentages of dry 
matter were found to be 38.38, 38.97, 39.20, and 39.29. 
The second fluid each pair throughout the series had been thoroughly boiled 
before receiving the albuminate. 
figure represents gain peptone not completely washed out. 
See page 479. 


The averages not include the figures for the first two pairs determinations. 
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The Quantitative Determination 


were slightly greater than the others some cases 
less others. 

The results above show appreciable loss substance 
after the addition the pre ipitate obtained from 
filtrate that previously filtered This loss doubtless due 
formation proteose the process boiling, seems have been 
the case all our previous experiments. will seen from the 
tabulated data, that this loss occurs all the tests, excepting 
water alone and the water with peptone. The actual 
amount recovered the latter case very probably due adherent 
peptone which was very difficult wash completely bulky 
precipitate. Since, also, the amount solid matter each quantity 
the moist precipitate was calculated from special determinations 
the dry substance contained the fresh material, and ascer- 
tained directly, cannot lay too much stress upon the 
results for “dry substance may little high low 
reason the unavoidable errors which usually accompany 
calculated data under such conditions, matter how careful the 
experimenter may attend every detail manipulation 
the comparative determinations. appreciable loss occurred 
usual, however, was clearly shown the proteose 
the final filtrates. 

The greatest losses appear, from the figures, have been asso 
ciated with the chlorides and oxalates. our previous experiments, 
also, noted that the biuret reactions the filtrates were 
usually strongest the chloride and oxalate 


GENERAL SUMMARY RESULTS. 


table page 490 summarizes the more important 


+ 


data nearly all our experiments. 


conclude from these experiments that acidalbumin may 
almost completely precipitated from acid digestive mixtures 
nary temperatures careful neutralization. ‘The later stages the 
neutralization process conducted with particularly 
alkali. 

The absolute quantity acidalbumin remaining such fluids 


neutralization ordinary experiments small, its proportion the 
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The Ouantitalive /). of Acidaloum 


main bulk the albuminate depending largely the 


latter, also the volume the containing 
centage associated saline matter. 

Some this residual portion acidalbumin may 
boiling, although this process the larger part, somet 
retained permanently solution, apparently because 
into noncoagulable forms. 

Proteoses and peptones, even when admixed comparatively 
proportion, not materially affect the quantitative 
the albuminate. 


Neutralization the boiling point does not insure 


quantitative precipitation albuminate because the 
dration thereby resulting largest obtained 
izing the cold, the neutral filtrate and combinin 

Acidalbumin, particularly that formed through the action pepsin 
fibrin and the freshly precipitated condition, 
uble various saline fluids 

The sodium salts formed neutralizing various 
common acid solutions appear exert approximately equal quan 
titative solvent action the contained albuminate. Only insignifi- 
cant solvent power were noted. 

Such quantities carbon dioxide are present fluids neutralized 
with freshly prepared solutions potassium 
containing ordinary, minute amounts carbonate, not appear 
materially quantitative separation acidalbumin the 
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